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INTRODUCTION 


When antimicrobial agents became available in the early 1940s, more than one medical prophet pre- 
dicted that the specialty of otolaryngology would cease to exist since the cure for infection had been discov- 
ered. Little did these sages envision the growth of the specialty into noninfectious areas, nor did they antici- 
pate bacterial resistance, the problems of chronic infection, and the emergence of new infectious agents, eg, 
human immunodeficiency virus. Thus, the infectious disease aspects of the ears, nose, and throat remain an 
important part of the daily work of otolaryngologists and their colleagues in pediatrics and internal medicine. 


It is to this important topic that this collection of papers is addressed. The presentations were given at a 
symposium, Current Issues in ENT Infectious Disease, sponsored by Beecham Laboratories (now SmithKline 
Beecham Laboratories) in March of 1990. I had the honor of organizing the program and choosing the topics 
and the speakers. Fortunately for both the attendees and the readers of this review, the speakers are among 
the most expert and best-recognized workers in infectious diseases of the ears, nose, and throat, and their 
papers provide up-to-date reviews of their respective topics. I am sure readers will agree with me that the 
relevance of these reports to daily practice is high. 


George A. Gates, MD 
Editor 
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ANTIMICROBIAL USE IN OTOLARYNGEAL INFECTIONS: 
GENERAL CONSIDERATIONS 


GERALD MEDOFF, MD 
St Louis, MISSOURI 


With the development of numerous new antimicrobials and the improved efficacy of existing agents, more infections are being treated 
successfully, but the benefits of one agent over another have become an issue of subtle distinctions. Some clinical studies of new drugs have 
inherent drawbacks in their design and may not yield a comprehensive picture of antimicrobial characteristics in a wide range of patient 
types and diseases. Studies should therefore be carefully evaluated to determine whether a real advantage exists for a new agent. At Barnes 
Hospital (St Louis, Missouri), antimicrobials are chosen for the formulary on the basis of efficacy, toxicity, and cost. One or two agents are 
selected from a group of “therapeutic equivalents.” Nonformulary agents or uses must be approved by the infectious disease staff. Evalua- 
tion and discussion of therapy with formulary and nonformulary drugs educates house staff, who can then use approved agents with 


greater knowledge and skill. 
KEY WORDS — antibiotics, formularies, study design. 


INTRODUCTION 


The following case represents the first clinical 
trial of penicillin. A 43-year-old policeman had 
had a sore on his lips for 4 months, from which a 
combined staphylococcal and streptococcal septi- 
cemia developed. He had multiple abscesses on his 
face and both orbits, osteomyelitis of the right hu- 
meral head with draining sinuses, and multiple 
lung abscesses. He was in great pain and was des- 
perately ill. Sulfapyridine was tried without ben- 
efit, and a severe drug rash secondary to use of this 
antibiotic developed. Penicillin treatment was 
started on February 12, 1941, initially with 200 mg 
(10,000 U) intravenously, and then 100 mg every 3 
hours. Striking improvement occurred after 24 
hours. After 5 days, the patient was vastly better, 
afebrile, and eating well, and there was marked res- 
olution of the abscesses on his face and scalp and in 
his right orbit. 


Unfortunately, this historic trial terminated 
abruptly when the total supply of penicillin was ex- 
hausted by the 5-day course of treatment. After 10 
days the infection recurred. The patient died 16 
days later. l 


This elegant, although ultimately tragic, experi- 
ment represents a clinical paradigm in regard to 
demonstration of drug efficacy and superiority of a 
new therapy (penicillin) over that previously avail- 
able. Since that time, it has become increasingly 
difficult to demonstrate superiority of new agents 
over those already in use. As new agents with in- 
creasingly broad spectrums are developed, more in- 
fections are being treated effectively, and since ade- 
quate therapy is available for almost all infections, 
a placebo-controlled study cannot be justified. New 
agents are therefore compared with old, and the 
differences between them have become more sub- 


tle, with comparisons focusing on factors such as 
isolated rare organisms included in the treatment 
spectrum, protein binding, half-life, and theoretic 
considerations about penetration into cells. This pa- 
per reviews how drug studies demonstrating these 
differences are conducted, as well as some of the 
difficulties inherent in them; describes how we at 
Barnes Hospital (St Louis, Missouri) choose among 
the numerous antimicrobials available; and, finally, 
suggests what issues need to be addressed in the ad- 
vancement of antimicrobial therapy in the future. 


DRUG STUDIES 


According to standard drug study design, after in 
vitro studies have shown that a new agent is active, 
efficacy and toxicity are evaluated in at least two 
animal models. If the animal studies show positive 
results, the antibiotic is tested on human subjects. 
After evaluation for toxicity and pharmacokinetics 
in healthy controls, the agent is given to patients 
with infections. These studies generally have little 
relevance to treatment of very ill patients with se- 
vere infections; it is customary to start clinical trials 
with patients who have diseases such as urinary 
tract infections that are not overtly life-threatening. 
Such infections will be cured by almost any agent 
that is active against the causative bacteria, pro- 
vided the drug is excreted in the urine in therapeu- 
tic concentrations. 


Other noncomparative studies involve patients 
with such conditions as pneumonia or soft tissue or 
bone infection. Often, each trial includes only a 
small number of patients. The principal purpose of 
these trials is to determine optimal dosage and to 
measure toxicity, but a reasonably accurate evalua- 
tion of efficacy can also be obtained. 


Once efficacy in human infection has been ascer- 


From the Infectious Disease Division and Mycology Center, Washington University School of Medicine, St Louis, Missouri. 
REPRINTS — Gerald Medoff, MD, Washington University School of Medicine, Box 8051, 660 S Euclid, St Louis, MO 63110. 
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tained and the drug has been shown to have an ac- 
ceptable level of toxicity, trials are conducted to 
show that the antibiotic offers some advantage over 
those with similar properties that are presently in 
use. Such trials demonstrate one or all of the follow- 
ing about the new agent: that it 1) is more effica- 
cious than existing drugs, 2) is less toxic, 3) has a 
pharmacologic advantage, and/or 4) is less costly. 


In general, evaluation of these comparative stud- 
ies is a difficult task for several reasons. Many stud- 
ies do not include sufficient numbers of patients to 
show significant differences between antibiotics. 
This is particularly true in studies involving serious- 
ly ill patients with complex problems; paradoxical- 
ly, these are frequently the patients for whom the 
drug is designed. For example, very few studies in- 
clude large numbers of patients with bacteremia 
due to Pseudomonas or other virulent pathogens; 
therefore, comparisons between the results of treat- 
ment with the old and new antibiotics frequently 
cannot be fairly evaluated. Many studies show 
small differences in the outcome of treatment of 
staphylococcal and gram-negative bacillary infec- 
tion, and large numbers of cases are needed in each 
study to show significance. The implication is that 
differences that do exist are small. 


Studies with small numbers of subjects and short 
follow-up often do not provide enough data to eval- 
uate adverse reactions. Thus, it is unwise to make 
optimistic claims of low toxicity before a drug is 
marketed and used for several years. In addition, 
the complexity of coexisting conditions in the sub- 
jects of some trials makes evaluation difficult. How 
does the clinician learn about toxic reactions result- 
ing in neutropenia, bleeding disorders, abnormali- 
ties of liver and kidney function, and skin rash 
when the patient is a transplant recipient or has a 
malignancy and is receiving other medications that 
may cause reactions similar to those associated with 
_ the study drug? It is even more difficult to evaluate 
subtler toxicities such as bacterial resistance, sec- 
ondary infection, or diarrhea caused by Clostridia 
difficile. 

Studies often involve investigators and subjects 
from several different centers. This factor intro- 
duces problems such as nonuniformity of data and 
patients, variability of disease, and a lower level of 
quality control than in a single-site study. Studies 
may also emphasize easily treated infections instead 
of proven infections by problem organisms such as 
Pseudomonas, Serratia, and Enterobacter; there- 
fore, cases that are not actually proven infections 
may be included. 


All studies have strict criteria for inclusion of 
cases, and an extremely important part of any study 
design is the definition of what cases can and cannot 
be evaluated. Patients are considered unsuitable for 
evaluation, and are excluded from the study data, if 


the infecting organism is later determined to be re- 
sistant to the antibiotic being tested. While this 
practice is valid. from the standpoint of study de- 
sign, clinicians need to know about the incidence of 
such resistance in order to determine the ultimate 
clinical usefulness of that therapeutic regimen. In a 
sense, good results against susceptible bacterial 
strains have little meaning in an empiric therapy 
situation. Another common study criterion is a 4- to 
5-day minimum period of treatment for inclusion of 
data. Frequently, information about patients who 
die before this time is excluded, yielding to data 
that favor positive results with the study drug. 


It is up to the clinician to review studies with an 
eye toward whether a protocol yields a fair trial, 
and whether the results are interpreted correctly. 
Many studies are well designed and draw valid con- 
clusions; others may be less reliable but still contain 
useful information. Well-run studies often lead to 
availability of new antibiotic agents with a valid 
and valuable medical purpose. 


ANTIMICROBIAL CHOICES: 
BARNES HOSPITAL FORMULARY 


Since it is impossible to include all available anti- 
biotics in any hospital formulary, a decision must be 
made about how to choose among them. At Barnes 
Hospital, we use microbiologic data and sensitivity 
patterns of organisms, critical interpretations of rel- 
evant studies, and cost and other attributes as a 
basis for making our decisions. Using this informa- 
tion, we categorize groups of similar antibiotics as 
therapeutic equivalents. We then allow the hospital 
to choose one or two agents from each group of 
equivalents. We are also careful to control the use 
of certain drugs to prevent emergence of resistance. 
Once we have selected our formulary agents, we are 
careful to learn how to use them correctly, and to 
avoid making a change unless there is a compelling 
reason to do so. This system, which has been in op- 
eration since 1985,?? has proven to be an effective 
teaching device for our house staff and private phy- 
sicians. Moreover, antibiotic costs have decreased 
every year since its inception. 


The Barnes Hospital formulary includes an estab- 
lished list of antibiotic classifications (see Table). In 
every case, formulary selection was primarily based 
on patient need and drug efficacy. Antibiotics are 
assigned to one of three categories — restricted, 
controlled, and nonrestricted — on the basis of 
therapeutic efficacy, toxicity, and cost. In the case 
of generics or therapeutic equivalents, the least ex- 
pensive drugs are stocked. Restricted antibiotics are 
removed from the formulary and can be obtained 
only with the permission of the infectious disease 
specialists. Controlled antibiotics are subject to an 
automatic 72-hour stop order. Treatment with 
these agents can be continued beyond this time only 
if certain criteria are fulfilled, and only with per- 
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BARNES HOSPITAL ANTIBIOTIC 
FORMULARY SELECTIONS 


Antibiotic 
Cephalosporins 


Cefazolin sodium 


Cephalothin 
Cephapirin sodium 
Cefoxitin sodium 
Cefotetan 
Cefamandole nafate 
Cefonicid sodium 
Cefuroxime axetil 
Ceftazidime 
Ceftriaxone sodium 


Status 


Unrestricted 


Nonformulary 
Nonformulary 
Restricted 
24-h auto-stop 
Nonformulary 
Nonformulary 
Nonformulary 
72-h auto-stop 
72-h auto-stop 


Comments 


Every-6-h dosing re- 
stricted 


>2 g/d restricted 


Oral dosing 


Cefotaxime sodium Restricted 
Cefoperazone sodium Nonformulary 
Ceftizoxime sodium Nonfermulary 
Moxalactam Nonformulary 
Penicillins 
Ampicillin Unrestricted 
Amoxicillin Unrestricted 
Oxacillin sodium Unrestricted 
Nafecillin sodium Restricted 
Methicillin sodium § Nonformulary 
Mezlocillin sodium Unrestricted >16 g/d restricted 
Ticarcillin disodium Restricted 
Carbenicillin (IV) Restricted 
Carbenicillin indany] 
sodium (oral) Unrestricted 
Piperacillin sodium | Nonformulary 
Aminoglycosides 
Gentamicin sulfate Unrestricted 


Amikacin sulfate 72-h auto-stop anano unrestricted 


or lung therapy 


Netilmicin sulfate Nonformulary 
Tobramycin sulfate Nonformulary Inhalation unrestricted 
; for lung therapy 
Miscellaneous 
Amoxicillin-clavula- 
nate potassium Nonformulary 
Ampicillin-sulbac- , 
tam Restricted 
Aztreonam Restricted 
Ciprofloxacin Restricted 
Clindamycin 
phosphate (IV) Restricted 
Clindamycin hydro- 
chloride (otal) Unrestricted 
Imipenem-cilastatin 
sodium Restricted 
Ticarcillin disodi- 
um-clavulanate 
potassium Restricted 
Metronidazole Unrestricted 
Norfloxacin Restricted 
Vancomycin 
hydrochloride 72-h auto-stop Oral dosing restricted 


mission of the infectious disease group. Criteria for 
use of controlled and restricted antibiotics are ex- 
plicit, and enforcement and education efforts are 
vigorous. For example, vancomycin hydrochloride 
(Vancocin) and amikacin sulfate (Amikin) are used 
only if the patient shows intolerance to the appro- 
priate unrestricted antibiotics, or if a culture is posi- 
tive for bacteria sensitive only to these drugs. 


Members of the infectious disease division teach 
sessions on antibiotic use for the house and attend- 
ing staff of Barnes Hospital. These sessions review 
the pharmacokinetics and toxicities of newer antibi- 
otics, compare the new drugs with older equiva- 
lents, and recommend indications for use of specific 
antibiotics. 


We have found that formulary restrictions, when 
combined with strict enforcement and physician 
education, can achieve significant cost savings with 
no negative effect on patient care. An interesting 
spin-off of our policy is its educational impact on 
house staff and physicians. Requests for use of re- 
stricted or controlled antibiotics frequently develop 
into useful teaching sessions about actual clinical 
problems, increasing the success of the program by 
emphasizing the reasons for not using a restricted 
antibiotic, and by ensuring that the correct drug is 
chosen in its place. In addition, dosage modifica- 
tions are carried out on certain drugs when the 
physician has requested an inappropriate dosage. 
For example, repeated doses of cefazolin sodium 
(Ancef, Kefzol) at intervals of less than 8 hours re- 
quire approval from an infectious disease physician. 


PRESENT NEEDS 


It is hoped that antimicrobial agents now in the 
development and marketing stages will meet clini- 
cians’ most pressing needs and. become valuable ad- 
ditions to hospital formularies. At present, these 
needs include better treatment of infections caused 
by penicillin-resistant pneumococci, methicillin so- 
dium-resistant Staphylococcus aureus, and resis- 
tant enterococcal and certain highly resistant gram- 
negative bacilli; better initial nontoxic empiric 
therapy for potentially life-threatening infections, 
including those occurring in immunocompromised 
patients; better treatment of certain deep infections 
that occur with implants and prosthetic devices; 
better treatment of polymicrobial infections; and 
more economical new agents. 


SUMMARY 


In the case of antimicrobials, new does not neces- 
sarily mean better, and a conservative approach to 
their use is desirable. Clinicians should learn to use 
a limited number of antibiotics and to understand 
their specific toxicities, limitations, and advantages. 
Studies of new agents should be evaluated carefully, 
and changes in prescribing made only for very good 
reasons. Because so many agents are available, and 
choices can be complex, we at Barnes Hospital have 
allowed the “experts,” our infectious disease staff, 
to make these decisions by establishing our formu- 
lary and refereeing use of restricted and controlled 
drugs. While this particular program ‘is only one 
possible way to structure criteria for antimicrobial 
choice, formal evaluation and monitoring of the use 
of such agents should be part of the policy of every 
medical institution. 
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DIAGNOSIS AND MANAGEMENT OF ANAEROBIC INFECTIONS 
OF THE HEAD AND NECK 


ITZHAK BROOK, MD, MSc 
BETHESDA, MARYLAND 


Anaerobic bacteria are important pathogens in head and neck infections such as chronic otitis media, chronic sinusitis, chronic mas- 
toiditis, head and neck abscesses, cervical adenitis, parotitis, and postoperative infection. Bacteroides sp (Bacteroides melaninogenicus 
group, Bacteroides oralis, and Bacteroides fragilis group), Peptostreptococcus sp, and Fusobacterium sp predominate. The observed recent 
increase in the number of 8-lactamase—producing strains of Bacteroides sp isolated in head and neck infections has been associated with in- 
creased failure rates of the penicillins in the management of these infections. The pathogenicity of these organisms is expressed through 
their ability not only to survive penicillin therapy but also to shield penicillin-susceptible pathogens from the drug. Because of these direct 
and indirect virulent characteristics of anaerobic bacteria, appropriate antimicrobial therapy must be directed against all pathogens in 


mixed infections. 


KEY WORDS — anaerobic bacteria, head and neck infection, penicillin resistance. 


INTRODUCTION 


Anaerobic bacteria have an important causative 
role in head and neck infections, especially in many 
chronic forms. Their isolation in these infections is 
partially due to their predominance in the normal mi- 
croflora of the oral mucous membranes.’ The num- 
ber of anaerobic bacteria in saliva is 1.1 x 108/mL, 
compared with the aerobic count? of 4 x 10’/mL — 
a 10:1 ratio in the oral cavity.? Anaerobes usually 
recovered from the nasopharynx as part of the nor- 
mal flora and as pathogens in head and neck infec- 
tions are Bacteroides sp (including Bacteroides mel- 
aninogenicus group and Bacteroides oralis), Pepto- 
streptococcus sp, and Fusobacterium sp. 


In studies that used proper techniques for trans- 
portation, cultivation, and identification, anaerobes 
have been isolated in acute* and chronic” otitis me- 
dia (OM), tonsillar and retropharyngeal abscesses, ® 
recurrent tonsillitis,? suppurative thyroiditis’® and 
parotitis,*! chronic sinusitis," cervical lymphadeni- 
tis, odontogenic infections,'* and infections fol- 
lowing head and neck operations.‘ 


In most of these infections, a polymicrobial aero- 
bic-anaerobic flora can be recovered from the in- 
fected site. Presence of mixed flora allows a syner- 
gistic relationship between the different organisms 
that facilitates their virulence’* and enables them to 
benefit from a metabolic enzymatic relationship. 
Anaerobic bacteria possess several virulence factors. 
These include the presence of a capsule” and the 
ability to adhere to mucosal epithelial cells and pro- 
duce superoxide dismutase and catalase, immuno- 
globulin proteases, and coagulation-promoting and 
coagulation-spreading factors (such as hyaluronidase, 
collagenase, and fibrinolysin).1 This review de- 
scribes anaerobic bacteria as a factor in head and 


neck infections. Since many anaerobic as well as 
aerobic organisms produce 6-lactamase, which may 
interfere with the activity of penicillin and protect 
penicillin-susceptible organisms from this drug,’® 
management of infections in the presence of f-lac- 
tamase is also discussed. 


OTITIS MEDIA 


Awareness of the importance of anaerobic bac- 
teria in ear infections and recognition of their role 
has increased in recent years. This knowledge can 
influence management decisions, since some of 
these organisms are resistant.to various antimicrobi- 
als. The predominance of anaerobic organisms in 
the oral flora explains their involvement in OM. 
Their recovery correlates with the use of proper and 
adequate techniques of collection, transportation, 
and inoculation of specimens — techniques that 
were not used in many past studies of acute, serous, 
and chronic OM.'® When such methods were used, 
however, anaerobic organisms were recovered in 
substantial numbers.”° 


Acute Otitis Media. In a study of children with 


-acute OM,”! anaerobes, mainly Peptostreptococcus 


sp, were recovered in about one fourth of 186 ear 
aspirates. In about one third of the cases, these 
organisms were mixed with aerobic and facultative 
bacteria. Organisms were isolated in over 90% of 
patients; a larger percentage had been found in 
other studies, in which methods for recovery of an- 
aerobes were not used.' Since the anaerobes isolated 
in acute OM are susceptible to the penicillins as well 
as other antimicrobials commonly used for treat- 
ment, no change in recommended therapy is indi- 
cated. Further studies are warranted, however, to 
elucidate the precise role of anaerobes in this type of 
infection. 


From the Uniformed Services University of the Health Sciences and the Armed Forces Radiobiology Research Institute, Bethesda, Maryland. The opin- 
ions and assertions contained herein are the private ones of the writer, and are not to be construed as official or reflecting the views of the Department of 


Defense, the Navy Department, or the Naval Service at large. 


REPRINTS — Itzhak Brook, MD, MSc, Armed Forces Radiobiology Research Institute, Bethesda, MD 20889-5145. 
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TABLE 1. FREQUENCY OF ANAEROBIC AND AEROBIC ORGANISMS RECOVERED IN CHRONIC 
SUPPURATIVE OTITIS MEDIA 


No, Anaerobes 
Recovered Per 


Authors Total No. Cases Cocci sp 
Karma et al” 38/114 (33%) 15 29 
Sugita et al? 62/760 ( 8%) 38 18 
Ayyagari et als 68/115 (59%) 33 43 
Sweeney et al? 57/130 (44%) 7 54 
Constable and 

Butler?’ 20/100 (20%) 9 7 
Papastavros 

et al’ 19/ 44 (43%) 10 12 
Brook and 

Yocum?’ 35/ 68 (51%) 31 21 


Otitis Media With Effusion. In a study of OM 
with effusion”? in which methods for the cultivation 
of anaerobes were used, these microorganisms were 
isolated in 23 (40%) of 57 patients. Anaerobes were 
present as the only isolate in 17% of culture-positive 
specimens; in an additional 26% they were mixed 
with aerobes or facultative bacteria. The predomi- 
nant anaerobes were Peptostreptococcus sp and B 
melaninogenicus group. 


The role of aerobic and anaerobic microorgan- 
isms in the pathogenesis of OM with effusion is not 
yet clear; however, antimicrobial agents are often 
administered in an attempt to eradicate the micro- 
organisms that are generally recovered in about half 
the effusions. The presence in serous ear aspirates of 
many microorganisms that produce §-lactamase raises 
the question of whether antibiotics effective against 
aerobic and anaerobic 6-lactamase—producing bac- 
teria should be used in treatment of OM with effu- 
sion. Controlled studies may define the value of an- 
timicrobial therapy in patients with this type of in- 
fection and clarify the role of bacteria in pathogene- 
sis of the inflammatory process. 


Chronic Suppurative Otitis Media and Mastoid- 
itis, The high number of negative cultures of aspi- 
rates from patients with chronic suppurative mid- 
dle ear effusion in some studies may be due to the 
use of inappropriate methods of anaerobe recov- 
ery. "° 


Several studies report the recovery of anaerobes 
in about half of patients with chronic suppurative 
OM** (Table 173°) and those with cholesteatoma.” 
The variability in the rate of isolation of anaerobes 
in these studies may be attributed to differences in 
study locations and laboratory methods. In several 
studies, delays in cultivation were extensive and the 
length of incubation was inadequate for the re- 
covery of anaerobic bacteria. The predominant an- 
aerobes were Bacteroides sp, Peptostreptococcus sp, 
and Fusobacterium sp. Many of these organisms 
produced 6-lactamase, which may have contrib- 
uted to the failure of these patients to respond to 
penicillins. In a recent study,” the enzyme 6-lacta- 
mase was detected in 84% of ear aspirates that con- 


Anaerobic Bacteroides 


Staphylo- Other Gram- 

Fusobac- Clostridium coccus Pseudo- Negative 
terium sp sp aureus monas sp Rods 

2, 2 32 16 37 

6 2 8 12 3l 

7 6 22 29 32 

9 l 33 25 86 

_ — 29 15 34 

— ane 2 20 4 

4 3 15 33 31 


tained 8-lactamase~producing bacteria (BLPB) in 
excess of 10''/mL. Anaerobic isolates were usually 
mixed with other anaerobic or aerobic bacteria, 
with the number of isolates per aspirate ranging 
from two to four. 


Anaerobes are recovered in ear aspirates in most 
cases of infectious complications of chronic suppu- 
rative OM; this finding highlights their importance 
in this disease. Anaerobes similar to those recovered 
in chronic suppurative OM were isolated from 23 
of 24 specimens (96%) obtained from patients with 
chronic mastoiditis.”? Anaerobes were also recovered 
from most patients with intracranial abscesses com- 
plicating chronic suppurative OM. +°? 


The efficacy of antibiotics against these organisms 
is shown by two studies in which infection was eradi- 
cated in 52%” to 89 %* of treated patients. Since a 
control group was not included in these studies, fur- 
ther research could more carefully evaluate the effi- 
cacy of medical and surgical management. 


Cholesteatoma accompanying chronic suppurative 
OM can induce the absorption of bone. Various 
theories have attempted to explain the process of ex- 
pansion of cholesteatoma and the collagen degrada- 
tion that occurs in its vicinity.” Production of or- 
ganic acids by anaerobic bacteria may be involved 
in the destructive process.” Bacteria recovered in 
cases of cholesteatoma associated with chronic sup- 
purative OM and in chronic purulent otitis media 
are similar. Thus, cholesteatoma may serve as a 
nidus of the chronic ear infection.” 


Chronic mastoiditis is one of the serious compli- 
cations that can follow chronic OM. In a study of 24 
patients with chronic mastoiditis,’? 20 (83%) had 
polymicrobial aerobic-anaerobic flora. The pre- 
dominant isolates were anaerobic cocci, Bacteroides 
sp, Pseudomonas aeruginosa, and Staphylococcus 
aureus. 


CHRONIC SINUSITIS 


Anaerobes are often recovered in aspirates from 
chronically inflamed sinuses. Although they are gen- 
erally isolated in only about 10% of patients with 
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acute sinusitis, they can be recovered in up to two 
thirds of chronic infections. +° When inflammation 
persists, oxygen tension is reduced and bicarbonate 
content is increased in the sinuses, facilitating the 
growth of anaerobes as the infection becomes chron- 
ic. The predominant anaerobes recovered are Bac- 
teroides sp and Peptostreptococcus sp.''° An aver- 
age of three anaerobes per sinus aspirate were re- 
covered in children’? and adults** with chronic si- 
nusitis. 6-Lactamase production was noted in 12 of 
121 (10%) of the isolates in children, and in 12 of 27 
(44%) of those in adults.** 


When not treated promptly and properly, sinus 
infection may spread directly or via anastomosing 
veins to nearby structures, including the central 
nervous system. The first warning sign of extension 
of the infection may be the appearance of orbital 
cellulitis." Possible intracranial complications in- 
clude meningitis, cavernous sinus thrombosis, and 
brain abscesses.*? Response to antimicrobial thera- 
py, even when appropriately administered, is often 
inadequate and unpredictable,” perhaps because. of 
poor penetration of the antimicrobial into the in- 
fected sinus space and/or its inactivation by pus or 
B-lactamase. 


Surgical drainage is of paramount importance, es- 
pecially if no clinical improvement has occurred, and 
should not be delayed for more than 48 hours after 
antimicrobial therapy has been initiated. In many 
cases it should be an integral part of management. 


PHARYNGOTONSILLITIS 


Group A 6-hemolytic streptococci (GABHS), S 
aureus, Streptococcus pneumoniae, and viruses are 
generally associated with tonsillar infections. How- 
ever, anaerobes also have been isolated from the 
core of tonsils in children with recurrent GABHS? 
and non-GABHS* tonsillitis and peritonsillar® and 
retropharyngeal*’ abscesses. G-Lactamase—producing 
strains of Bacteroides fragilis, Fusobacterium sp, 
and S aureus were isolated from the tonsils of 74% 
of children with recurrent GABHS tonsillitis®-3*-+° 
and from 40% of children with non-GABHS tonsil- 
litis.” Similar organisms were recovered from pa- 
tients with adenoiditis and adenoid hypertrophy.*! 


The possible role of anaerobes in the acute in- 
flammatory process in the tonsils is supported by 
several clinical observations: the recovery of anaer- 
obes from abscesses of tonsils or the retropharyngeal 
area, in many cases without any aerobic bacteria®*’; 
their isolation in well-established anaerobic infec- 
tions of the tonsils (ie, Vincent’s angina)’; the in- 
creased recovery rate of encapsulated B melanino- 
genicus organisms from acutely inflamed tonsils‘; 
their isolation from the core of recurrently inflamed 
non-GABHS tonsils**; the response to antibiotics in 
patients with non-GABHS tonsillitis*?:**; and the re- 
cently observed elevated antibody titers to Bacte- 


TABLE 2. FAILURE RATES IN THERAPY OF 
RECURRENT GROUP A STREPTOCOCCAL PHARYNGITIS 


Failure Rate 


Authors Penicillins Other Drugs 
Brook and 
Hirokawa“ 13/15 (87%) Erythromycin 9/15 (60%) 
Clindamycin 1/15 (7%) 
Kaplan and 
Johnson*® 17/24 (71%) Amoxicillin-clavulanic acid 
2121 (10%) 
Brook’? 6/20 (30%) 


Amoxicillin-clavulanie acid 
0/20 (0%) 


roides intermedius in patients with recurrent tonsil- 
litis.“ 


Recurrent pharyngotonsillitis due to GABHS is 
still a serious clinical problem. Failure to eradicate 
the streptococci from patients treated with penicillin 
can occasionally lead to rheumatic fever and, rarely, 
to glomerulonephritis. As a last resort, many physi- 
cians refer their patients for elective tonsillectomy. 


One explanation for penicillin failure in such 
cases is the shift in oral microbial flora that occurs 
with repeated administration of penicillin. This re- 
sults in selection of BLPB, eg, strains of Hemophilus 
sp, S aureus, Moraxella catarrhalis, and Bacteroides 
sp'® that, by degrading penicillin in the area of the 
infection, can protect not only themselves but also 
penicillin-susceptible pathogens. The role of these 
organisms in the inability of penicillin to eradicate 
GABHS tonsillitis is supported by recovery of aero- 
bic and anaerobic BLPB in over three fourths of pa- 
tients with recurrent GABHS tonsillitis,?*-*° mea- 
surable -lactamase activity in the core of tonsils in 
such cases,** and the response of such infections to 
antimicrobials effective against BLPB (ie, clinda- 
mycin [Cleocin] or amoxicillin—-clavulanate potassi- 
um [Augmentin]'**7-* ; Table 247-49), 


ODONTOGENIC INFECTIONS 


The bacteria isolated from odontogenic infections 
generally reflect the host’s indigenous oral micro- 
flora.? The microorganisms commonly isolated are 
Bacteroides sp, Peptostreptococcus sp, and Fuso- 
bacterium sp. The anaerobic black-pigmented gram- 
negative bacilli receive the most attention among 
the bacteria potentially associated with oral and 
dental infection.‘ Bacteroides gingivalis and B in- 
termedius are the organisms most frequently iso- 
lated from periodontal lesions. Other groups of 
bacteria, however, are also consistently recovered 
from odontogenic infections; this finding suggests 
that many pathogens may be capable of producing 
clinical signs and symptoms of illness. 


Anaerobic bacteria have been recovered from pa- 
tients with dentoalveolar abscesses.? Studies from 
the preantibiotic era of acute and chronic alveolar 
abscesses document the recovery of predominantly 
aerobic streptococci; fusiform bacilli and Bac- 


12 Brook, Anaerobic Infections of Head & Neck 
TABLE 3. CORRELATION BETWEEN PREDISPOSING CONDITIONS AND BACTERIA RECOVERED FROM 67 ABSCESSES 


Type of Bacterial Growth . 
eee Staphylo- Group A 


No. Aerobes Anaerobes 


Predisposing Conditions Patients Only Only 


Dental infection or 


manipulation 9 — 6 
Tonsillitis 6 — 2 
Trauma 13 Il — 
Congenital cyst 3 —— 2 
Fetal monitoring 5 _ 3 
Unknown 31 24 2 
Total 67 35 15 


Adapted from Brook.® 


teroides sp were also isolated. More recent studies, 
however, report the isolation of a variety of gram- 
positive and gram-negative anaerobes in periodon- 
tal abscesses.’ 


In a recent quantitative study of 50 dentoalveolar 
abscesses, Lewis et al®° found 3.3 isolates per abscess. 
Twenty (40%) abscesses contained anaerobes only, 
and 27 (54%) had a mixture of both aerobes and an- 
aerobes. Strict anaerobes, the most common being 
Peptostreptococcus sp, B oralis, and B melanino- 
genicus, were recovered from 38 (76%) of patients. 


Anaerobic organisms outnumbered aerobes eight 
to one in a study of the bacteriology of periodontal 
abscesses in 12 children.** Four 6-lactamase-pro- 
ducing organisms were recovered from four patients 
(33%); these were three of the nine B melaninogeni- 
cus isolates and one of the three B oralis isolates. 


DEEP FASCIAL SPACE INFECTIONS 


Odontogenic infections that originate from in- 
fected or necrotic pulp may spread to the adjacent 
deep fascial spaces of the upper neck and lower 
head. In Ludwig’s angina, a bilateral infection of 
the submandibular, sublingual, and deep neck 
spaces, a variety of organisms have been isolated. 
These include mostly anaerobic bacteria such as 
Bacteroides sp, Fusobacterium sp, and cocci. Often, 
one or more aerobic organisms have also been re- 
covered: staphylococci, streptococci, pneumococci, 
Escherichia coli, Vincent’s spirochetes, Hemophilus 
influenzae, and Candida. 


PURULENT NASOPHARYNGITIS 


Nasopharyngitis is generally due to viral infec- 
tion. However, S pneumoniae, H influenzae, S 
aureus, and Streptococcus pyogenes are often iso- 
lated from the purulent discharge." A recent study 
described the isolates of aerobic and anaerobic 
bacteria in purulent nasopharyngitis.°? Specimens 
were obtained from the inferior nasal meatus of 25 
children with purulent nasopharyngitis and from 25 
controls. Bacteria recovered in significantly higher 
numbers from patients with nasopharyngitis were S 
pneumoniae, Hemophilus sp, Bacteroides sp, Pep- 


ohm NO Rh 6 


No. Isolates of Predominant Microorganisms Recovered 


coccus Strepto- Anaerobic Bacte- Fusobac- 
Anaerobes aureus cocci Cocci  roidessp terium sp 
2 — 7 8 3 
2 4 4 6 4 
8 1 l 2 — 
1 — 2 1 — 
— — 2 3 1 
15 3 1 3 1 
17 28 8 17 23 9 


tostreptococcus sp, and Fusobacterium sp. The or- 
ganism recovered significantly more often from 
controls was Propionibacterium acnes. These find- 
ings suggest a secondary role for the aerobic-anaero- 
bic polymicrobial flora in purulent nasopharyngitis. 


ABSCESSES OF HEAD AND NECK 


Most studies have established S aureus and GABHS 
as the predominant pathogens in abscesses of the 
head and neck. A recent study of 36 children with 
abscesses of the neck and 31 with abscesses of the 
head illustrated the importance of anaerobes in 
head and neck infections. In neck infections, aer- 
obes only were recovered in 24 (67%), anaerobes in 
7 (19%), and mixed aerobic and anaerobic bacteria 
in 5 (14%). In abscesses of the head, aerobes were 
recovered in 11 (35%), anaerobic bacteria in 8 
(26%), and mixed aerobic and anaerobic bacteria 
in 12 (39%). The most common organism recovered 
in neck infections was S aureus (20 isolates), and in 
head infections, Bacteroides sp (19 isolates) (Table 
353), 6-Lactamase-producing bacteria were recov- 
ered in 36 isolates from 31 of the 67 abscesses 
(46%). A higher recovery rate of anaerobes was 
observed in patients with dental infection or 
manipulation, tonsillitis, or fetal monitoring. 
Staphylococcus aureus was associated with trauma 
(Table 3). In this study, anaerobic bacteria were 
recovered with greater frequency in abscesses of the 
head than those of the neck and were generally 
recovered in polymicrobial infections, together 
with aerobic bacteria. Anaerobes were recovered 
with higher frequency in infections that originated 
from locations in which anaerobes were involved in 
chronic infections, such as teeth, sinuses, and ton- 
sils. 


TONSILLAR, PERITONSILLAR, AND 
RETROPHARYNGEAL ABSCESSES 
Group A 6-hemolytic streptococci often are known 
pathogens in tonsillar, peritonsillar, and retropha- 
ryngeal infections. Staphylococcus aureus and S 
pneumoniae are also found frequently; gram-nega- 
tive organisms, rarely. Anaerobes have been identi- 
fied in peritonsillar and retropharyngeal abscesses 
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in studies that employed proper techniques for their 
cultivation. 


In recent reports of aspiration from 16 children 
with peritonsillar abscesses (quinsy) and of 14 
children with retropharyngeal abscesses,” anaer- 
obes were recovered in all cases. The predominant 
organisms were B melaninogenicus, Peptostrepto- 
coccus sp, Fusobacterium sp, Streptococcus sp, 
GABHS, Hemophilus sp, and S aureus. B-Lacta- 
mase-producing bacteria, including isolates of S 
aureus, B melaninogenicus group, and B oralis, 
were found in the majority of cases. 


ACUTE SUPPURATIVE PAROTITIS 


Staphylococcus aureus is the organism most com- 
monly causing acute parotitis; Streptococcus sp and 
Enterobacteriaceae have also been reported, how- 
ever.*4 Several case reports also describe the recov- 
ery of B melaninogenicus and Peptostreptococcus 
micros from infected parotid glands.'*”° 


A recent study® illustrates the polymicrobial na- 
ture and importance of anaerobic bacteria in acute 
suppurative parotitis. Aspirates of pus from 23 cases 
of acute suppurative parotitis were studied for aero- 
bic and anaerobic bacteria. Anaerobic bacteria only 
were recovered in 10 (43%) patients, aerobes and 
facultatives were recovered in 10 (43%), and mixed 
anaerobic and aerobic flora were present in 3 
(13%). The predominant isolates were S aureus (8 
isolates), Bacteroides sp (6), and Peptostreptococcus 
sp (5). 6-Lactamase-producing bacteria were re- 
covered from 73% of the specimens. 


CERVICAL LYMPHADENITIS 


The rare isolation of anaerobes in cases of cer- 
vical adenitis has been reported.” Two studies that 
used proper methods of recovery illustrated the im- 
portance of anaerobes in cervical lymphadenitis.'**° 
Aerobes only were recovered from 27 (60%) of 45 
aspirates, anaerobes alone from 8 (18%), and mixed 
aerobic and anaerobic bacteria from 9 (20%). 
6-Lactamase—producing bacteria were recovered 
from 15 (83%) of the 45 specimens.'? Roberts and 
Linsey,°* who isolated organisms in 35 nodes, found 
mycobacterial species in 22 (63%) specimens and 
bacteria in 11 (31%) cultures, 5 of which were 
anaerobic. 


ACUTE SUPPURATIVE THYROIDITIS 
Staphylococcus aureus, S pyogenes, S epidermidis, 


and S pneumoniae are the isolates most commonly 
found in suppurative thyroiditis in children. Rare- 
ly, Klebsiella sp, H influenzae, Streptococcus sp, 
Salmonella sp, and Enterobacteriaceae are found. 
Bacteroides sp and Peptostreptococcus sp may cause 
this infection,!° as well as Eikenella corrodens and 
Actinomyces sp. In one study, polymicrobial infec- 
tion was found in about one third of patients.*’ 


WOUND INFECTIONS AFTER 
HEAD AND NECK SURGERY 


Wound infections may occur after head and neck 
surgery, particularly after surgery for malignant tu- 
mors.’ These infections, often polymicrobial, result 
from exposure of the surgical site to the oropharyn- 
geal flora, and from compromise of the surgical site 
by decreased blood supply and necrotic tissues." 


Among 24 patients who developed postoperative 
wound infection after head and neck cancer sur- 
gery, aerobic bacteria were recovered from 2 
(8%), anaerobic bacteria from 1 (4%), and mixed 
aerobic and anaerobic isolates from 21 (88%). A 
total of 146 isolates (66 aerobic and 80 anaerobic) 
were recovered — an average of 6 isolates per spec- 
imen. The most frequently recovered isolates were S 
aureus, Bacteroides sp, Peptostreptococcus sp, 
Fusobacterium sp, and enteric gram-negative rods. 
Twenty-two isolates recovered from 17 (70%) wounds 
yielded BLPB, mostly S aureus and B melaninogeni- 
cus group. 


CONCLUSION 


Infections of the head and neck. often involve 
mixed aerobic and anaerobic organisms. Anaerobes 
contribute to the severity and chronicity of infec- 
tions that occur in the sinuses, the nose, and various 
other sites in and around the oral cavity.'* Although 
surgical drainage is of primary importance, antimi- 
crobial agents effective against both aerobic and an- 
aerobic organisms are an integral part of therapy. 
Use of such agents is important not only to prevent 
chronicity, but also to prevent local and systemic 
extension of infection. Although penicillin is useful, 
the increase in penicillin resistance of many aerobic 
and anaerobic flora is of concern.*!-*? Therefore, in 
patients infected with BLPB, adding metronidazole 
(Flagyl, Protostat) to penicillin, or alternative ther- 
apy with clindamycin hydrochloride (Cleocin), ce- 
foxitin sodium (Mefoxin), imipenem-cilastatin sodi- 
um (Primaxin), or the combination of a penicillin 
plus a B-lactamase inhibitor (Augmentin, Timen- 
tin) is justified. 
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ANTIBIOTIC PROPHYLAXIS IN CLEAN-CONTAMINATED HEAD 
AND NECK ONCOLOGIC SURGERY 


RANDAL S. WEBER, MD 


DAVID L. CALLENDER, MD 


Houston, TEXAS 


The use of antibiotic prophylaxis in head and neck oncologic surgery has greatly reduced the risk of postoperative wound infection and 
the corresponding increase in morbidity and health care costs. Conversely, inappropriate perioperative use of antibiotics increases costs and 
risks to patients. Antibiotic prophylaxis is beneficial only in clean-contaminated head and neck surgery; targets are the bacterial flora that 
commonly inhabit the skin and upper aerodigestive tract, with antibiotics effective against gram-positive aerobic organisms and anaerobic 
organisms providing the best coverage. Maximum efficacy is achieved with immediate preoperative and short-term (< 48 hours) postopera- 
tive antimicrobial administration in adequate doses. Optimum benefit from prophylaxis in head and neck oncologic surgery depends on 
appropriate selection and administration of antibiotics in combination with sound, established surgical principles. 


KEY WORDS — antibiotic prophylaxis, clean-contaminated wounds, oncologic head and neck surgery. 


INTRODUCTION 


One of the great advances in contemporary head 
and neck oncologic surgery has been the prevention 
of postoperative wound sepsis with the use of broad- 
spectrum antibiotics. Antibiotic prophylaxis has dra- 
matically reduced morbidity from these procedures 
by lessening the incidence of infection. Decreased 
infection rates have, in turn, shortened duration of 
hospitalizations and decreased medical costs. Inap- 
propriate use of antibiotics, however, increases 
medical expenditures and may result in patient sen- 
sitization to or superinfection by resistant organ- 
isms. Optimum benefit depends on the rational use 
of prophylactic antibiotics by the head and neck on- 
cologic surgeon. This review discusses the proper 
use of prophylactic antibiotics based on bacteriolog- 
ic studies and the results of clinical trials. 


CLASSIFICATION AND DIAGNOSIS OF INFECTION 


Surgical wounds may be classified in four cate- 
gories according to criteria set forth by the National 
Academy of Sciences—National Research Council.’ 
Classification indicates the relative risk of postoper- 
ative wound infection, based on the degree of con- 
tamination present at the time of operation. Clean 
wounds are made under ideal conditions in which 
no infection is present and no lapse in sterile tech- 
nique occurs during the procedure (eg, routine thy- 
roidectomy, neck dissection, and parotidectomy). 
Clean-contaminated wounds are sterile initially, 
but a mucosal barrier is crossed or a hollow viscus is 
entered during the operation (eg, laryngectomy and 
composite resection). Contaminated wounds are a 
result of a major lapse in sterile technique or expo- 
sure to acute nonpurulent inflammation. Fresh 
traumatic wounds are included in this category. 
Dirty wounds are infected traumatic wounds con- 
taminated with bacteria or environmental debris. 


Diagnosis of a postoperative wound infection 
after clean-contaminated head and neck surgery 
may be difficult, since nonspecific clinical signs that 
mimic infection often occur in the immediate post- 
operative period. Many patients develop wound 
erythema and induration secondary to lymphatic 
and venous stasis. Fever and leukocytosis are com- 
mon, presumably because of microatelectasis; they 
usually respond to ambulation and attention to pul- 
monary toilet. Conclusive diagnosis of a wound in- 
fection depends on identification of purulence by 
observation of spontaneous wound discharge, needle 
aspiration of purulent material, or development of 
a mucocutaneous fistula. 


ANTIBIOTIC PROPHYLAXIS 


The need for antibiotic prophylaxis is dictated by 
the risk of infection for the particular type of 
wound. Unfortunately, evaluation and comparison 
of antibiotic prophylaxis trials are complicated be- 
cause of the differing criteria used to define a 
wound infection. 


Clean, Contaminated, and Dirty Wounds. Con- 
taminated and dirty wounds are by definition either 
infected or at high risk for infection, making thera- 
peutic antibiotic administration essential. The infec- 
tion rate for clean wounds is 5% or less when pro- 
phylactic antibiotics are administered.” Johnson and 
Wagner,’ in a retrospective review, found an infec- 
tion rate of 0.9% in 175 patients undergoing par- 
otidectomy without prophylactic antibiotics, com- 
pared with no infections in 55 patients who received 
prophylaxis — a difference that was not signifi- 
cant. The authors concluded that perioperative use 
of antibiotics was not beneficial or cost-effective for 
clean head and neck procedures. No randomized 
prospective study has been undertaken to determine 
the potential benefit of prophylactic antibiotics in 
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clean head and neck procedures, and since the in- 
fection rate is very low for these types of wounds, an 
unfeasibly large sample size would be necessary to 
demonstrate a benefit from antibiotics. Overall 
analysis of risk versus benefit for antibiotic prophy- 
laxis in clean head and neck procedures does not 
support its routine use. 


Clean-Contaminated Wounds. Clean-contaminated 
wounds, the most frequent type encountered in on- 
cologic surgery, are at a substantial risk for postop- 
erative infection without antibiotic prophylaxis. In 
an early trial of perioperative antibiotic use in head 
and neck surgery, Ketcham et al* observed a 54.5% 
infection rate in clean-contaminated cases treated 
with placebo. Later investigations by other au- 
thors*-° reported infection rates ranging from 24 % 
to 87% with placebo. These randomized, prospec- 
tive studies clearly indicate a high risk for postoper- 
ative wound infection in patients undergoing clean- 
contaminated surgery without prophylaxis, making 
additional placebo-controlled trials unwarranted. 


The benefit of antibiotic prophylaxis in clean- 
contaminated head and neck surgical procedures is 
substantiated by results of several randomized pro- 
spective trials. Ketcham et al* demonstrated the ef- 
ficacy of perioperative administration of antibiotics 
in reducing wound sepsis. The infection rate among 
9 patients receiving prophylactic chloramphenicol 
was 22.2% (2 patients), compared with 54.5% (6 
patients) in 11 patients receiving placebo. Dor and 
Klastersky® conducted a double-blind prospective 
controlled trial comparing ampicillin and cloxacil- 
lin with placebo. With 52 patients in the antibiotic 
arm and 50 patients in the placebo arm, the infec- 
tion rates were 17.3% (9 patients) and 36% (18 pa- 
tients), respectively (p< .05). The predominant or- 
ganisms cultured from infected wounds were gram- 
negative rods; however, Staphylococcus aureus was 
also isolated in several cases. A potential shortcom- 
ing of this study was the enteral administration of 
antibiotics, which can result in erratic absorption 
and unpredictable serum drug levels. 


In 1979, Becker and Parel!” reported the results of 
a randomized, double-blind study comparing pla- 
cebo with cefazolin, 1 g preoperatively and four 1-g 
doses postoperatively, in 55 patients undergoing 
clean-contaminated head and neck operations. The 
infection rate among the patients receiving cefazo- 
lin was 38% (12 of 32 patients), compared with 
87% (20 of 23 patients) for those in the placebo 
arm. Because of the dramatic and significant dif- 
ference in infection rates between the two arms, the 
study was terminated early. The organism most fre- 
quently isolated was S aureus (30%); gram-nega- 
tive rods were cultured in 37% of patients. Anaer- 
obic cultures were not performed. 


Johnson*® has summarized the results of several 
studies comparing cefazolin (1 day versus 5 days) 


INCIDENCE OF WOUND INFECTION, BY TREATMENT 


Duration No. of _1nfections _ 

Antibiotic Dose (d) Patients No. % 
Cefazolin 500 mg l 21 7 33 
Cefazolin 500 mg 5 30 6 20 
Clindamycin 300 mg and 

and gentamicin 1.7 mg/kg 1 29 2 g 
Clindamycin 300 mg and 

and gentamicin 1.7 mg/kg 5 27 1 4* 


Modified from Johnson. *° 
*Significant decrease in infection rate compared with cefazolin (p= .05). 


with a combination of clindamycin and gentamicin 
(1 day versus 5 days; see Table’). A significantly 
higher incidence of infections was found in patients 
treated with cefazolin (p= .05) than in those who 
received the combination regimen. However, the 
small number of patients in each arm and the use of 
a low dose of cefazolin may limit validity of the re- 
sults. In another study, Johnson et al° randomized 
118 patients to receive either moxalactam, a third- 
generation cephalosporin, or cefazolin, each in 2-g 
doses every 8 hours for a total of 4 doses. Wound in- 
fections developed in 7 patients (6%): 5 in the ce- 
fazolin arm and 2 in the moxalactam arm — a dif- 
ference that was not significant. Although the sam- 
ple size was relatively small, this study illustrates 
two important points. First, an adequate dose of an- 
tibiotic must be given to achieve tissue levels inhibi- 
tory to bacterial proliferation, hence the increased 
efficacy of a 2-g dose of cefazolin versus a 500-mg 
dose. Second, when different antibiotics are equally 
effective against the infecting organisms, no differ- 
ence in infection rates will be seen." The latter 
point suggests that the least toxic of drugs of com- 
parable efficacy is the best choice for prophylaxis. 


Bacteriologic Factors. If prophylaxis is to be suc- 
cessful, the organisms contaminating the wound at 
the time of operation must be targeted. Endogenous 
organisms in head and neck oncologic procedures 
include the skin flora, predominantly S aureus, 
Staphylococcus epidermidis, and 8-hemolytic strep- 
tococci, and the commensal microorganisms of the 
upper aerodigestive tract. In the oropharyngeal se- 
cretions, anaerobic organisms are 10 times more 
common than aerobic organisms, with bacterial 
counts ranging from 10%/mL to 10°/mL.*? These or- 
ganisms, which colonize the tongue, teeth, and den- 
tal crevices, are exfoliated into the saliva. Among 
the anaerobic organisms, Bacteroides melanino- 
genicus and Fusobacterium species are found in 
high concentrations in dental crevices. The prin- 
cipal organisms in saliva that must be targeted are 
gram-positive aerobes and anaerobes; gram-nega- 
tive aerobic organisms are not usually present in the 
saliva of normal individuals. The addition of anti- 
biotics specific to anaerobic organisms has been 
shown to decrease the incidence of postoperative 
wound infection in head and neck oncologic proce- 
dures. Robbins et al,? in a randomized prospective 
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study, compared cefazolin alone to a combination 
of cefazolin and metronidazole. The latter is a ni- 
troimidazole compound with no in vitro activity 
against gram-positive and gram-negative aerobic or- 
ganisms. For prophylaxis, it must therefore be used 
in combination with another antibiotic. Among the 
281 patients undergoing clean-contaminated opera- 
tions, the infection rate was 11.9% for those receiv- 
ing the combination regimen and 23.9% for the 
group receiving cefazolin alone (p< .05). 


The bacteria colonizing a necrotic tumor may 
differ from normal upper aerodigestive tract flora 
and include pathogenic as well as nonpathogenic 
species. Although gram-negative aerobes such as 
Klebsiella, Pseudomonas, and Proteus are not often 
present in the upper aerodigestive tract of normal 
controls, they may be readily obtained from preop- 
erative tumor cultures.'* Other organisms isolated 
from the tumor bed include S aureus and multiple 
streptococcal species. '® Unfortunately, there is little 
correlation between results of cultures done preop- 
eratively and those from infected wounds. In fact, 
several investigators®:*'*!” have found that wound 
infection develops in as many patients with negative 
preoperative cultures as in those with positive pre- 
operative cultures. For example, Suarez Nieto et al!” 
obtained perioperative cultures from 117 patients 
undergoing clean-contaminated head and neck sur- 
gery. Of the 18 (15%) patients in whom infection 
developed, 8 (44%) had had preoperative patho- 
gens identified, whereas 10 (56%) had not. 


It is an attractive assumption that the organisms 
isolated from a postoperative wound catheter drain- 
age are predictive of the flora that might cause 
wound infection and thus provide a guideline for 
antibiotic selection. In practice, however, patho- 
gens isolated from wound catheter drainage do not 
correspond to those recovered from the wound. Dor 
and Klastersky® reported that 21 of 52 patients had 
pathogens isolated from wound catheter drainage. 
Of patients with infections, all had pathogens iso- 
lated. However, pathogens were also isolated from 
13 of 21 patients without infection. The same or- 
ganisms were recovered from the wound and cathe- 
ter drainage in only 8 (38%) of infected patients. 
Although Yoder and Silva found a 100% correla- 
‘tion between bacterial isolates from catheter drain- 
age and infecting organisms recovered from the 
wound, Suarez Nieto et al’? and Becker et alt! found 
a correlation in only 54% and 50% of their cases, 
respectively. These findings indicate that culture re- 
sults from wound catheters do not reliably identify 
either the infecting pathogens or patients at high 
risk for infection. 


Organisms recovered from infected wounds dif- 
fer from those isolated from preoperative cultures. 5 
Almost all infections are polymicrobial and include 
both aerobic and anaerobic organisms.*’*** The 
isolates most frequently encountered are S aureus 


and streptococcal species, whereas the most com- 
mon gram-negative anaerobic organisms are B mel- 
aninogenicus and Fusobacterium nucleatum. +° Bac- 
teroides fragilis, which may be resistant to penicil- 
lin, is not usually present in the oral flora and there- 
fore is rarely isolated from infected wounds. Gram- 
negative aerobic organisms such as Klebsiella, Pseu- 
domonas, and Proteus species also are frequently 
isolated from infected wounds. 


The role of gram-negative aerobic organisms in 
the pathogenesis of head and neck wound infection 
is unclear. Theoretically, prophylaxis against these 
organisms should not be necessary. Several studies 
have examined this question. Piccart et al,’ in a ran- 
domized prospective trial, compared clindamycin 
(which has excellent gram-positive aerobic and an- 
aerobic coverage but no gram-negative aerobic ac- 
tivity) with a combination of clindamycin and net- 
ilmicin (the latter being an aminoglycoside antibi- 
otic that provides gram-negative aerobic coverage). 
Wound infections developed in 6 (16%) of the 37 
patients receiving clindamycin alone, compared to 
4 (9%) of 43 who received both antibiotics. The dif- 
ference was not significant, and the investigators 
concluded that gram-negative aerobic coverage 
may not be necessary. 


Johnson et al” postulated that the isolation of 
gram-negative organisms from infected wounds is 
the result of contamination by nosocomial organ- 
isms indigenous to the hospital. To investigate this 
hypothesis in a double-blind randomized trial, 104 
patients were given as prophylaxis either clindamy- 
cin 600 mg or a combination of clindamycin 600 mg 
and gentamicin 1.6 mg/kg. The antibiotics were ad- 
ministered intravenously 1 hour before operation 
and every 8 hours for a total of four doses. Overall, 
wound infections developed in 4 patients: 2 in each 
study arm. All patients had polymicrobial infec- 
tions. Gram-negative aerobes were isolated from 
the wounds of 3 patients, 2 of whom had received 
the combination of gentamicin and clindamycin. 
The investigators concluded from this preliminary 
study that gram-negative aerobic organisms do not 
contribute significantly to the pathogenesis of post- 
operative wound infections. The therapeutic impli- 
cation is that use of potentially toxic antibiotics such 
as aminoglycosides and the more expensive third- 
generation cephalosporins can be avoided. 


To substantiate and expand on these findings, we 
have undertaken a double-blind study of 230 pa- 
tients at the University of Texas M. D. Anderson 
Cancer Center. Subjects have been randomized to 
receive either clindamycin alone or ampicillin-sul- 
bactam sodium. Ampicillin provides gram-negative 
aerobic coverage; the addition of sulbactam, a 
B-lactamase inhibitor, broadens the spectrum to in- 
clude gram-positive aerobes and anaerobic organ- 
isms. The combination is attractive for prophylaxis, 
since it offers broad-spectrum coverage with no 
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nephrotoxicity or ototoxicity. Study results are ex- 
pected to be published later this year. 


Time and Duration of Prophylaxis. The timing 
and duration of prophylactic antibiotic administra- 
tion has been ascertained through animal studies 
and clinical trials. Antibiotics are most suppressive 
when administered before wound contamination oc- 
curs. In laboratory animals injected with live staph- 
ylococci, Burke?! demonstrated that antibiotics 
must be administered within 3 hours of contamina- 
tion to suppress the growth of microorganisms and 
are ineffective if administered after this decisive 
period. In clinical practice, the prophylactic “anti- 
biotic window” closes if the patient does not receive 
antibiotics in a timely fashion. They are of no value 
in preventing wound infection if administered in 
the recovery room. 


Theoretically, once a watertight mucosal closure 


is obtained and the wound is copiously irrigated, no . 


further bacterial contamination should occur. There- 
fore, a short course of antibiotics should be as ef- 
fective as a more prolonged course in preventing 
wound infections. Several studies have been con- 
ducted to evaluate the relationship between the 
duration of prophylaxis and the rate of infection. In 
a prospective study of 140 patients randomized to 
receive carbenicillin for either 1 day or 5 days, 
wound infections developed in 14% (10 of 72) and 
10% (7 of 68) of patients, respectively (p= .52).° 
The authors concluded that more prolonged admin- 
istration of antibiotics does not reduce the risk of in- 
fection. Fee et al? compared administration of 
moxalactam for l day and 2 days and found no dif- 
ference in infection rate among 30 randomized pa- 
tients. Johnson” reported on 56 patients random- 
ized to receive clindamycin and gentamicin for 
either 1 day or 5 days. Infection developed in 1 pa- 
tient in the 5-day arm of the study as opposed to 2 
patients receiving 1 day of prophylaxis (see Table). 
The difference was not significant, and the author 
concluded that more prolonged prophylaxis was not 
warranted, 


In another multi-institutional study,” 109 pa- 
tients considered at high risk for postoperative 
wound infection because of the need for myocuta- 
neous flap reconstruction were randomized to re- 
ceive cefoperazone for 1 day or 5 days. Among the 
53 subjects receiving prophylaxis for 1 day, the in- 


fection rate was 18.9% (10 patients), compared 
with 25% (14 patients) in those receiving prophy- 
laxis for 5 days. The difference was not statistically 
significant. 


Although these and other previous studies have 
not shown benefit for administration of prophylac- 
tic antibiotics beyond 24 hours, many involved 
small numbers of patients. Unless a great difference 
in efficacy exists between short duration and long 
duration of prophylaxis, the risk of incorrectly ac- 
cepting the null hypothesis (type I] error) is great.” 
A study with a larger number of patients would be 
necessary to establish whether more prolonged ad- 
ministration of antibiotics is beneficial. Evidence 
exists that despite a presumably watertight mucosal 
closure, persistent salivary soiling of a wound may 
occur. As expected, continued salivary contamina- 
tion increases the risk of postoperative wound com- 
plications.?>* Whether more prolonged antibiotic 
administration would decrease the risk of infection 
in these patients is unknown. 


CONCLUSION 


The selection of antibiotics for prophylaxis is 
based on several factors. The agent should target 
gram-positive aerobic skin flora and oral anaerobic 
organisms. Whether gram-negative aerobic cover- 
age should be provided is controversial, but this 
coverage does not appear to be mandatory or as im- 
portant as targeting the other pathogens responsible 
for wound infections. The drug should be given 
parenterally in adequate doses before wound con- 
tamination occurs. Use of antibiotics beyond 24 to 
48 hours postoperatively does not appear to de- 
crease the risk of infection and increases the risk of 
superinfection with resistant organisms. A cost- 
competitive antibiotic should be selected, provided 
its efficacy is equal to that of a more expensive drug. 
Finally, ototoxic and nephrotoxic antibiotics should 
be avoided, since alternatives exist that have a simi- 
lar spectrum of activity but lack these side effects. 


Antibiotics alone, however, are not sufficient to 
prevent wound complications. Adherence to sound 
surgical principles and the use of delicate soft tissue 
technique will minimize the risk of wound sepsis. 
Also important are debridement of devitalized tis- 
sues, meticulous watertight mucosal closure, and 
copious irrigation to flush microorganisms from the 
wound before final closure. 
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OTITIS MEDIA UPDATE: PATHOGENESIS AND TREATMENT 


G. SCOTT GIEBINK, MD 
MINNEAPOLIS, MINNESOTA 


Otitis media primarily affects children, but can also lead to lifelong sequelae. Middle ear histopathologic changes and clinical 
manifestations can represent any part of a disease continuum, from acute to recurrent to chronic otitis media. Acute otitis media is most 
often caused by an acute respiratory viral infection and secondary replication of bacteria in the middle ear space and tissues, leading to 
symptoms and signs of infection (ie, fever, pain, tympanic membrane erythema). Antimicrobial therapy is the mainstay of management, 
and clinical response to different antimicrobial drugs appears to be similar. The bacteriologic efficacy of these drugs, however, is quite 
variable. Clearly, antimicrobial treatment of acute otitis media, which currently is largely empiric, must be fine-tuned on the basis of pa- 


tient and disease variation. 


KEY WORDS — antibiotics, bacterial infections, otitis media, viral infections. 


INTRODUCTION 


Otitis media (OM) is one of the common diseases 
of infants and young children, and its complications 
and sequelae often persist into the adult years. 
Recognition of this chronicity has led to changes 
over the last five decades in the management of OM 
in children. New therapeutic interventions have, in 
turn, generated management controversies. An un- 
derstanding of the epidemiology and pathophysiol- 
ogy of OM provides the basis for evaluating these 
controversies and for developing new treatment and 
prevention strategies. 


OTITIS MEDIA CONTINUUM 


Epidemiologic studies performed in the last 
decade provided important clues to OM pathogene- 
sis. Perhaps foremost among these are studies in- 
dicating that chronic otitis media with effusion 
(OME, called by some secretory otitis media) com- 
monly follows acute otitis media (AOM), and that 
intractable chronic OM (with granulation tissue 
and damage to middle ear ossicles) usually follows 
recurrent AOM and chronic OME. These epidemio- 
logic clues suggest that each of the various types of 
OM represents part of the continuum of a single 
disease process. Acute purulent OM is the disease 
form most clinically apparent, and there are transi- 
tions to chronic OME, including serous OM and 
mucoid OM. Eventually, some children experience 
chronic OM episodes with irreversible middle ear 
damage. Many OM episodes occurring during the 
first year of life are clinically asymptomatic, yet are 
as important as symptomatic episodes in predicting 
the likelihood of future middle ear disease. * 


The OM continuum is illustrated by the overlap 
in types of effusion.? In AOM, purulent effusion 
predominates, but in about one in five cases an 
acute middle ear bacterial infection is superimposed 
on chronic mucoid effusion. In chronic OME, mu- 


coid effusion predominates, but in one of three cases 
no effusion is found at myringotomy — yet the 
middle ear mechanics, reflected by tympanometric 
findings, are abnormal. 


The results of prospective studies measuring the 
persistence of effusion after treatment confirm the 
existence of a disease continuum. In studies of ran- 
domly selected children with AOM, middle ear flu- 
id had not cleared in 40% to 70% after 2 weeks 
(when treatment stopped). Twenty percent still had 
OME or abnormal middle ear function at 8 weeks, 
and few experienced clearance after that time. In a 
study that measured effusion disappearance in a 
group of children at high risk for chronic OME,’ the 
disease persisted in 80% after 8 weeks. High-risk 
factors in this study — bilateral disease, day-care 
attendance, and effusion present for at least 4 weeks 
before the presenting AOM episode — were evalu- 
ated when each child initially presented with AOM. 
These studies illustrate that AOM, rather than be- 
ing an uncomplicated, self-limiting disease in all 
children, becomes a chronic disorder for many. 


The OM continuum is also manifest in middle ear 
fluid and the surrounding mucoperiosteal tissues. 
Response of these tissues to progressive middle ear 
disease leads to damage and local sequelae. Normal 
middle ear mucosa is composed of a single layer of 
squamous and cuboidal epithelial cells overlaying a 
thin subepithelial space. In serous OM, the epi- 
thelium is unchanged, but the subepithelial space is 
edematous. In purulent OM there are densely in- 
filtrating cells that are acutely inflamed. The 
histopathology of mucoid OM is quite different; the 
epithelium is metaplastic, with secreting goblet 
cells, subepithelial edema, vascular dilatation, and 
few inflammatory cells. Several recent studies have 
documented the frequent occurrence of clinically 
silent progressive damage to middle ear tissue in the 
presence of chronic OME.* These findings indicate 
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the need for more sensitive methods of diagnosing 
progressive middle ear disease. 


OTITIS MEDIA AND VIRAL INFECTION 


Epidemiologic studies have shown a high degree 
of correlation between AOM and upper respiratory 
tract illness, the winter season, and day-care atten- 
dance. This suggests that respiratory viruses are im- 
portant in the pathogenesis of OM. Because of the 
technical limitations of virus isolation, however, it 
has been difficult to document such a relationship. 
Recently, new laboratory methods have made possi- 
ble the demonstration of viral antigens in middle 
ear effusion and nasopharyngeal secretions. In a 
study of 137 children with AOM, Sarkkinen et al 
showed a temporal association between respiratory 
virus infections and pathogenic bacteria in acute 
middle ear effusion. Each case was analyzed ac- 
cording to whether a respiratory virus was isolated 
from middle ear fluid or the nasopharynx and 
whether pathogenic bacteria were cultured from 
the effusion. Among the study subjects, 19% had 
both a viral isolate and bacteria in the effusion, 
36% had bacteria in the effusion without a viral 
isolate, 22% had a viral isolate without bacteria in 
the effusion, and 23% had sterile effusion and no 
viral isolate. 


Some respiratory viruses are more closely associ- 
ated with AOM than others. According to a study 
by Henderson et al,‘ these are respiratory syncytial 
viruses, adenoviruses, and influenza A and B vi- 
ruses. These results suggest that certain viruses have 
unique effects on local systemic defenses that con- 
tribute to the development of OM. Studies of OM in 
children and in animal models have explored mech- 
anisms of respiratory virus and bacterial interaction 
in pathogenesis. These have revealed a peak time 
during influenza A virus infection when susceptibil- 
ity to bacterial OM is greatest; this peak susceptibil- 
ity correlates with the time of maximum virus-in- 
duced damage to eustachian tube epithelium and 
with virus-induced reduction in blood polymorpho- 
nuclear leukocyte function (chemotaxis and intra- 
cellular killing).” Results of both clinical and basic 
research suggest that immunization to prevent re- 
spiratory virus infection might have a dramatic ef- 
fect on the overall incidence of OM in children. 


OTITIS MEDIA AND BACTERIAL INFECTION 


Bacteriologic studies of middle ear effusion in 
AOM and chronic OME indicate that bacterial as 
well as viral immunoprophylaxis might be useful. 
There are at least two indications that the middle 
ear is protected by immune defenses, both local and 
systemic, that mature with age: bacteria causing 
AOM are cleared from the ear by specific anti- 
bodies, and the incidence of AOM decreases with 
age, suggesting that bacterial vaccination at a 
young age might prevent these infections. 


Several studies were performed in the late 1970s 
to determine whether vaccination with pneumococ- 
cal polysaccharides would prevent pneumococcal 
OM. In a group of children 7 to 24 months of age, a 
51% reduction in incidence of disease was seen with 
vaccination.* During the first 6 months after vac- 
cination, there was also a 67% reduction in in- 
cidence of OM caused by the most immunogenic 
vaccine types. However, since only a few of the in- 
cluded types were immunogenic in this age group, 
there was only a small and insignificant effect on 
the overall rate of OM. The study demonstrates, 
nonetheless, that use early in life of a vaccine with 
broader immunogenic potential would be expected 
to have an appreciable effect on overall incidence of 
OM, since the pneumococcus is the principal bac- 
terial middle ear pathogen. 


Antimicrobial therapy of AOM is still the mainstay 
of management. Several drugs have been approved 
for this indication, including amoxicillin, amoxi- 
cillin-clavulanate potassium (Augmentin), cefaclor 
(Ceclor), erythromycin ethylsuccinate—sulfisoxazole 
acetyl (Pediazole), and trimethoprim-sulfamethox- 
azole (Bactrim, Septra). Cefuroxime axetil (Ceftin) 
and cefixime (Suprax) have been introduced recent- 
ly, but large-scale clinical trials have not yet been 
conducted to ascertain whether their efficacy is 
comparable to that of the aforementioned drugs. 


Most of the antimicrobial drugs approved by the 
Food and Drug Administration have approximately 
equal clinical efficacy in AOM, but recent studies 
have shown a striking delay in bacteria-killing ef- 
fect for some agents. Although clinical outcomes 
usually have been similar in small-scale trials com- 
paring results with various agents in the treatment 
of AOM, these recent studies indicate that clinical 
measurements often do not reflect differences in an- 
timicrobial efficacy. 


A trial comparing amoxicillin-clavulanate with 
cefaclor, for example, showed no difference in the 
rate of symptomatic improvement 3 to 6 days after 
the start of treatment.” However, the antibacterial 
efficacies of the two drugs were dramatically differ- 
ent: a 3% failure rate with amoxicillin-clavulanate 
and a 25% failure rate with cefaclor. These differ- 
ences were apparent regardless of the initial patho- 
gen, and differences in bacteriologic response rates 
could not be explained by patient noncompliance or 
bacterial resistance. 


These clinical studies raise the question of wheth- 
er impaired distribution of antimicrobial drugs into 
the middle ear and resulting subtherapeutic middle 
ear concentrations explain AOM bacteriologic 
treatment failures.'° My colleagues and I have ex- 
plored this question in the chinchilla model of OM 
and have preliminary evidence that distribution of 
antimicrobial drug into the middle ear varies wide- 
ly among animals with the same clinical condition 
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(ie, pneumococcal OM), and low concentrations are 
associated with persistence of the infection. Since 
the model closely parallels AOM in children, we 
suspect that there is also wide variation in middle 
ear antimicrobial concentrations in children with 
acute disease. These differences are probably 
magnified in children with chronic OME because of 
the wide variation in pathologic changes. It is 
therefore extremely important that new antimicro- 
bials for treatment of AOM show bacteriologic as 
well as clinical efficacy. 


For the clinician treating a child with AOM, pre- 
scribing should be done with knowledge of the pos- 
sible variations in drug concentration in mind. 
Clinical failure after 3 to 5 days of antimicrobial 
treatment should not necessarily be assumed to indi- 
cate infection with a resistant organism; instead, it 
may suggest failure of the drug to reach effective 
concentrations in the middle ear. Aspiration of mid- 
dle ear fluid, a simple office procedure, is impor- 
tant in bacteriologic assessment of children who fail 
to improve. 
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ADENOIDECTOMY AND OTITIS MEDIA 
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Adenoid enlargement has traditionally been considered a factor in otitis media; adenoid size, however, does not appear to be corre- 
lated with otitis media occurrence. Presence of pathogenic bacteria in the adenoids of children with otitis media has been shown, and ade- 
noidectomy appears to affect the middle ear primarily by removal of the source of infection in the nasopharynx. Three recent randomized, 
controlled studies. showed the efficacy of adenoidectomy in the treatment of chronic secretory otitis media. In one study comparing no 
treatment, adenoidectomy, and adenotonsillectomy, a significant benefit was seen with adenoidectomy that was not enhanced by tonsil- 
lectomy. Another study that compared adenoidectomy, tympanostomy tubes, and a combination of the two showed a significant reduction 
in effusion time and less surgical retreatment over 2 years in the two adenoidectomy groups. The third study demonstrated the effect of 
adenoidectomy in children with recurrent chronic otitis media with effusion after failure of tympanostomy tube insertion. All three studies 
showed that the effect of adenoidectomy was independent of adenoid size. This review discusses current concepts of adenoid physiology 
and pathology, the major adenoidectomy studies, and indications for the procedure. 


KEY WORDS — adenoidectomy, otitis media, tympanostomy tubes. 


P INTRODUCTION 


Adenoidectomy is being reassessed because of 
new information validating its effectiveness in the 
treatment of children with otitis media. +3 Once the 
principal surgical treatment of otitis media prior to 
the widespread use of tympanostomy tubes, ade- 
noidectomy has gradually been used less frequently 
in the United States, but not in other parts of the 
world.* Probable reasons for this change are longer 
operating time; risk of hemorrhage and other com- 
plications, such as hypernasality; lack of under- 
standing of the procedure’s effect (which is indirect) 
on the middle ear; and failure to demonstrate an 
improved outcome.*”’ 


Approximately 1 million children undergo surgical 
treatment for otitis media annually in the United 
States. Because of conflicting information about the 
efficacy of treatment of middle ear infections in 
general, and the role of adenoidectomy in particu- 
lar, this paper reviews current concepts of the 
pathophysiology of the human adenoid, analyzes 
the major studies of the effectiveness of adenoidec- 
tomy, and develops a theoretic basis for the use of 
adenoidectomy in the treatment of otitis media. 


The term otitis media is used herein to indicate 
any stage of otitis media with effusion. The qualifi- 
cations acute, subacute, and chronic indicate speci- 
fic stages. The terms chronic otitis media with effu- 
sion and secretory otitis media are used synony- 
mously here. The use of adenoidectomy for airway 
obstruction, sleep apnea, chronic nasopharyngitis, 
or sinusitis is outside the scope of this discussion. 


BACKGROUND 
The adenoid, or pharyngeal tonsil, forms the su- 


perior, central part of the ring of lymphoid tissue 
surrounding the oropharyngeal isthmus, described 
by Wilhelm von Waldeyer (1836-1921) .° Historical- 
ly, the term adenoids was used to indicate enlarge- 
ment of the pharyngeal tonsil. We use adenoid as a 
singular noun to indicate the pharyngeal tonsil re- 
gardless of its pathologic condition. The palatine 
(faucial) tonsils, the lingual tonsils, and numerous 
minor collections of lymphoid tissue are the other 
components of Waldeyer’s ring, which in the aggre- 
gate are an important part of the gut-associated 
lymphoid tissue system. All the structures of Wal- 
deyer’s ring have similar histologic features and, 
presumably, similar function. 


The adenoid is covered by a pseudostratified cili- 
ated columnar epithelium rich in goblet cells, pli- 
cated to form numerous surface folds, which in- 
crease the total surface area. Abundant lympho- 
cytes are found within, especially in the crests of the 
folds. The adenoid develops as a midline structure 
by the fusion of two lateral primordia that become 
visible during early fetal life,’ is fully developed 
during the seventh month, and increases in size un- 
til the fifth year of life, often causing some degree of 
airway obstruction. Thereafter the adenoid gradu- 
ally atrophies, the nasopharynx grows, and the air- 
way improves. **'? 


The adenoid is an important site of contact of in- 
haled microorganisms and other antigens with im- 
munoreactive cells. The nasal mucociliary blanket 
carries material posteriorly across the adenoid. With 
the other components of Waldeyer’s ring, the ade- 
noid is important in the mucosal immunity of the 
upper aerodigestive tract. Like the palatine tonsil, 
the adenoid is a B-cell organ: B lymphocytes com- 
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Fig 1. Functional immunologic 
structure of adenoid in relation to 
crypt and postcapillary venule. 
Several follicles with active germi- 
nal centers are shown, in which an- 
tigen-processing cells come into re- 
lationship with B cells. (Redrawn 
with permission from Richtsmeier 
and Shikhani.*») 


Q 
Dendritic cells 


prise 50% to 65% of all adenoid lymphocytes; T 
lymphocytes, 40%; and mature plasma cells, 3%. 
In contrast, 70% of the lymphocytes in peripheral 
blood are T cells. The immunoreactive lymphoid 
cells of the adenoid are found in four distinct areas: 
1) reticular cell epithelium, 2) extrafollicular area, 
3) mantle zone of lymphoid follicle, and 4) germinal 
center of lymphoid follicle’? (Fig 17%). 


The reticular cell epithelium contains specialized 
membrane cells (M cells)? that transport antigens 
from the nasopharyngeal lumen. The extrafollicu- 
lar area is populated mainly by T lymphocytes (T 
helper and T suppressor cells). Dendritic cells are 
also found in the extrafollicular area. 


The lymphoid follicles consist predominantly of B 
lymphocytes in various stages of maturation. The 
centroblasts (the most immature B cells) are found 
at the base of the lymphoid follicle, whereas more 
differentiated cells such as the centrocytes, immu- 
noblasts, and plasmacytoid cells are found in the 
mantle zone. Some T cells also appear among the B 
cells of the lymphoid follicles. 


Once taken up by the M cells, antigens are trans- 
ported inward through a tubovesicular system. The 
M cells facilitate antigen contact to lymphocytes 
through specialized antigen-presenting and antigen- 
processing cells that consist primarily of macro- 
_phages, dendritic cells, human leukocyte antigen 
(HLA)-DR-positive endothelial cells, and epithelial 
cells. The antigens are presented to the T lympho- 
cytes in the extrafollicular area. Recognition of 
these antigens by the T cells is thought to occur 
within the context of the major histocompatibility 
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complex.'* Although HLA-A, HLA-B, and HLA-C 
antigens are present on all nucleated cells, HLA-DR 
antigens are present only on specific immunocom- 
petent cells such as B cells, macrophages, and acti- 
vated T cells. 


Once exposed to a particular antigen, T cells un- 
dergo blastogenesis and clonogenic proliferation. 
These T cells react with and stimulate B lympho- 
cytes in the follicles. Blastogenesis of B cells is medi- 
ated by T helper and T suppressor cells," but the 
exact mechanism is unknown. Adenoid T helper 
and T suppressor cells also produce interferon.’® 


Low antigenic signals stimulate the differentia- 
tion of B lymphocytes into immunoglobulin-pro- 
ducing plasmia cells. High-level antigenic stimuli 
result in clonal proliferation of B cells within the 
germinal centers. Some of these B cells migrate into 
the pharynx and other paraglandular structures to 
produce antibody, while a subset remain in the fol- 
licle as memory cells. 


Immunoglobulins (Igs) produced by the adenoid 
include IgG, IgA, IgM, and IgD; there is a virtual 
absence of lymphocytes producing IgE." Immuno- 
globulin G appears to pass into the nasopharyngeal 
lumen by passive diffusion (Fig 2%”). 


There are conflicting reports regarding the im- 
munologic consequence of tonsillectomy and ade- 
noidectomy, yet it is clear that no major systemic 
immunologic deficiencies result from these proce- 
dures. !? Ogra?® showed a threefold to fourfold drop 
in titers in children previously immunized with live 
poliovirus vaccine. In a study by D’Amelio et al,” 
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serum IgA levels in posttonsillectomy patients were 
lower than those in age-matched controls, but the 
functional significance is unclear. Because adenoid- 
ectomy alone does not disturb the remainder of 
Waldeyer’s ring, the likelihood of a major immuno- 
logic sequela from adenoidectomy is remote. 


The chief clinical adenoid disorder in children is 
enlargement, and its principal symptom is nasal 
obstruction or mouth breathing. Both acute and 
chronic adenoiditis occur, but little has been writ- 
ten about the clinical pathology of the adenoid be- 
cause of its relative inaccessibility to physical exam- 
ination or clinical testing. 


Although adenoid and tonsil enlargement are 
often referred to clinically as hypertrophy, they are 
due to clonal expansion of the number of immuno- 
competent cells????; hyperplasia, rather than hyper- 
trophy, is therefore the correct descriptor. 


The principal stimulus for adenoid hyperplasia 
appears to be infectious. Brook?! and DeDio et als 
found elevated quantitative bacterial counts in ade- 
noids removed for otitis media or for obstruction, 
whereas Pillsbury et al% demonstrated high counts 
only from children with recurrent acute otitis me- 
dia, and not in adenoids removed for hyperplasia or 
serous otitis media. The latter group also found no 
correlation between adenoid size and the presence of 
infection. Thus, there is consistent evidence for the 
presence of pathogenic bacteria in the adenoids of 
children with otitis media, but conflicting evidence 
for the same phenomenon in those with symptomat- 
ic enlargement without otitis media. 


Although hyperplasia is a physiologic response to 
antigen exposure, chronic infection may actually 
cause cellular depletion.” Brandtzaeg et al'® dem- 
onstrated a general decline in immunocytes, except 
for IgD-producing cells, in all compartments in the 
tonsils of patients with recurrent tonsillitis. In addi- 
tion; they noted increased fibrosis in the extrafollic- 
ular area, which also suggests a decline in immuno- 
reactivity. Thus, the available evidence suggests 
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Fig 2. Antibody production in adenoid, as pro- 
posed by Brandtzaeg.’? Migrating cells enter 
adenoid through postcapillary venule and pro- 
duce IgM and IgA, which are actively secreted 
laG through epithelial cells into lumen. Intracellular 
S leakage during inflammation increases amount 
of IgG, which is not actively secreted in adenoid 

because it lacks J chain, unlike IgM and IgA. 
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that adenoid enlargement, a common phenomenon 
in the 4- to 7-year-old age group,'! does not neces- 
sarily indicate abnormality, and that chronic infec- 
tion may result in a decrease in size. 


PATHOPHYSIOLOGY IN RELATION TO 
OTITIS MEDIA 


OTITIS MEDIA 


Otitis media in children may be acute, with signs 
and symptoms of inflammation and an effusion, or 
chronic, as indicated by an indolent, persisting 
middle ear effusion that may be purulent, mucoid, 
or serous. Acute otitis media is more common in the 
first 3 years of life, and chronic otitis media is more 
common from 4 years onward. However, since they 
are two stages of the same disease, either form may 
appear at any age. The same types of pathogenic 
bacteria are found in both acute and chronic effu- 
sions, although with greater prevalence in the former. 


Because most cases of acute otitis media are bac- 
terial, any theory of pathogenesis must account for 
how the bacteria reach the middle ear. It is general- 
ly recognized that otitis media begins in the nose, 
ie, that viral nasal infection precedes the ear infec- 
tion.?” Pathogenic bacteria appear subsequently 
and are found in the nasopharynx in 97% of pa- 
tients with acute otitis media, with organisms corre- 
sponding to those isolated from middle ear effusion 
in 69% .?8 The adenoids of children with recurrent 
acute otitis media contain pathogenic bacteria in 
clinically significant amounts.?*-?° 


It is logical to postulate that nasopharyngeal mi- 
croorganisms enter the middle ear via the eustachian 
tube, possibly facilitated by nose-blowing or closed- 
nose swallowing (Toynbee maneuver).?? Alternative- 
ly, the organisms may be aspirated into the middle 
ear as a result of negative middle ear pressure gen- 
erated by sniffing.*° This phenomenon is termed 
eustachian tube reflux and has been demonstrated 
radiographically in children with otitis media.*' Its 
prevalence is unknown because of the lack of a 
widely available noninvasive method of detection. 
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For didactic purposes, we identify two broad.cat- 
egories of chronic otitis media with effusion: per- 
sistence of an acute effusion and secretory otitis me- 
dia. However, it is not possible to distinguish them 
on clinical grounds unless the patient has been fol- 
lowed closely prior to onset. In younger children, 
chronic effusion appears to be the unresolved stage 
of an acute otitis media in which middle ear clear- 
ance is delayed. Teele et al” found persistent effu- 
sion (>30 days) in 40% of children following their 
first episode of acute otitis media, with continued 
effusion in 10% for up to 3 months. Putative mech- 
anisms for the failure of middle ear clearance in- 
clude ciliary dysfunction, mucosal edema and hy- 
perplasia, viscosity of secretions, and a middle ear- 
nasopharyngeal pressure gradient. 


Many cases of chronic effusion, especially in older 
children, occur without clinically evident antecedent 
acute otitis media, although most patients have had 
otitis media in earlier childhood. Therefore, it is 
necessary to postulate a second mechanism. In these 
cases, secretion of fluid by the abnormal middle ear 
mucosa (ie, secretory otitis media) is thought to be 
the origin.” Antigenic stimulation in an ear sensi- 
tized by prior infection may result in recurrent effu- 
sion in the absence of clinically identifiable acute 
infection. It would thus appear that in these cases 
the fluid is produced by the middle ear mucosa in 
response to subclinical antigenic stimulation rather 
than by an overt acute inflammatory process. Many 
investigations have confirmed the finding of Sen- 
turia et al** that chronic middle ear effusion is not 
sterile, as previously hypothesized, and that it con- 
tains the same spectrum of microorganisms as is 
found in acute effusions. The available evidence 
thus links chronic middle ear effusion, regardless of 
its clinical presentation, to bacterial infection. 


RELATIONSHIP OF ADENOID AND OTITIS MEDIA 


The enlarged adenoid has long been implicated 
as a factor in the genesis of otitis media,” but-the 
pathophysiology of this relationship has not been 
rigorously examined, Three mechanisms are gener- 
ally postulated: the adenoid 1) causes eustachian 
tube obstruction, 2) promotes eustachian tube reflux, 
and 3) is a source of pathogenic bacteria. Because 
eustachian tube dysfunction is found in virtually all 
patients with otitis media in whom testing has been 
performed,** and because the adenoid is situated so 
near the mouth of the eustachian tube, a cause-and- 
effect relationship between the adenoid and eusta- 
chian tube dysfuriction has long been presumed. 


Under our working hypothesis that bacteria from 
the adenoid and nasopharynx enter the middle ear 
via the eustachian tube, it is unnecessary to postu- 
late that eustachian tube obstruction must precede 
acute otitis media, as has been held since the time of 
Politzer.** Indeed, in the early stages of an infec- 
tion, bulging of the tympanic membrance and posi- 


tive middle ear pressure are often seen. Further- 
more, it has never been shown that the adenoid 
physically obstructs the eustachian tube. Studies of 
the eustachian tube in children with chronic otitis 
media indicate that anatomic or mechanical ob- 
struction of the tube is less common than functional 
obstruction*'; if the adenoid were mechanically ob- 
structing the tube, one would expect just the oppo- 
site. The site of eustachian tube obstruction in 10 
adult patients with chronic otitis media with effu- 
sion was localized with a thin pressure catheter to 
the distal part of the cartilaginous portion, 5 to 15 
mm from the orifice, rather than in the orifice prop- 
er.” Thus, the role of eustachian tube obstruction 
in acute otitis media is called into question, and the 
locus of obstruction, when it occurs, is more likely 
to be within the eustachian tube than at its naso- 
pharyngeal ostium. 


Sade* was one of the first to discuss the open 
eustachian tube and the role of infection in otitis 
media. During swallowing, nasopharyngeal pressure 
rises and material in the nasopharynx may enter the 
eustachian tube and pass back into the middle ear. 
A large adenoid elevated by the soft palate during 
swallowing could obstruct the choanae and contrib- 
ute directly to increased nasopharyngeal pressure 
and thus indirectly to reflux. Children with patu- 
lous eustachian tubes, in whom free flow of radio- 
graphic material into the middle ear occurs, have 
been shown to be at high risk for otitis media.*' 
That young children have shorter, straighter, and 
more compliant eustachian tubes than adults has 
been recognized as an important factor in the patho- 
genesis of otitis media in children.* yO 


If reflux were the consequence of adenoid en- 
largement, there would be a greater prevalence of 
such enlargement in children with otitis media. 
Studies have shown no difference in adenoid size, 
either radiographically?” or by weight,* in children 
with otitis media compared with control children. 
No difference was noted in the recurrence rate of ef- 
fusion in children with large versus small adenoids, 
nor was the effect of adenoidectomy dependent on 
adenoid size.'-? Thus, the evidence does not support 
the classic theory that adenoid enlargement is a fac- 
tor in the pathogenesis of otitis media. It appears to 
us that adenoidectomy affects the middle ear pri- 
marily by removal of a source of infection in the 
nasopharynx, rather than by any direct or indirect 
effect:on the eustachian tube, and that-the benefi- 
cial effect of adenoidectomy is independent of ade- 
noid size. 


ADENOIDECTOMY 


Historically, adenoidectomy for otitis media has 
been justified by one or more reasons: relief of air- 
way obstruction to decrease eustachian tube reflux, 
improvement in eustachian tube function, and 
elimination of a source of chronic nasopharyngeal 
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infection. Because of the lack of efficient clinical 
methods to determine independently which factor 
may be relevant in a specific case, the incidence of 
these three indications is unknown. It is likely that 
more than one factor may apply in any given case. 
Because the operative procedure is the same regard- 
less of the rationale for performing it, this subject 
has not received great attention in the literature. 


EFFICACY 


Existing studies of the efficacy of adenoidectomy 
have yielded conflicting results. The wide variation 
in experimental design and methods makes direct 
comparisons of efficacy difficult. Important varia- 
tions include sample size, observer validation, entry 
criteria, randomization strategies, and follow-up 
procedures. The principal studies cited as showing a 
lack of effect of adenoidectomy are those by Royd- 
house,* Fiellau-Nikolajsen et al,° and Widemar et 
al.’ In these studies, comparisons of outcome were 
made at one,or a few widely spaced observation 
times rather than sequentially at regular intervals; 
this schedule prevented observation of recurrent in- 
terval disease. Thus, it is likely that these studies 
were not sensitive enough to detect differences 
among the treatment groups that might have been 
clinically significant. Studies demonstrating a sig- 
nificant effect from adenoidectomy are those by 
Maw,’ Gates et al,” and Paradise et al.* Other, older 
studies of adenoidectomy*!-** are not reviewed here 
because of severe flaws in experimental design.** 


Studies Failing to Demonstrate Efficacy. In the 
study by Roydhouse, 100 children 3 to 14 years of 
age who had failed medical therapy were assigned 
to receive tympanostomy tubes with or without 
adenoidectomy. Otoscopy, the sole measure of out- 
come, was performed annually, and although there 
was a slightly higher disease-free rate in the ade- 
noidectomy group (82% versus 77% at 1 year, 85% 
versus 82% at 2 years, and 94% versus 84% at 3 
years), he concluded that adenoidectomy was not 
effective. The principal limitations: of this study are 
reliance on nonvalidated otoscopy as the sole out- 
come measure; the lack of interval otoscopy, so that 
the condition of the ears could be assessed only once 
a year; and the unequal number of unilateral cases, 
with more in the tympanostomy tube-only group, 
which biased the results against adenoidectomy. 
Statistical analysis of the differences in outcome was 
not done, nor was the likelihood of type I or type II 
errors calculated. 


Over a 4-year period, Fiellau-Nikolajsen et al 
observed 42 3-year-old children who had been ran- 
domly assigned to receive bilateral myringotomy 
with or without adenoidectomy. No significant dif- 
ference in outcome at any assessment interval was 
noted, even though the children who had under- 
gone adenoidectomy did better generally. In this 
study nearly -half of the children had normal tym- 


panograms (type A or Cl) preoperatively, in con- 
trast to most other studies, in which care was taken 
to include only study subjects with effusion. Thus, 
the inclusion of a large proportion of cases in which 
the outcome was destined to be good regardless of 
therapy may have decreased an already small sam- 
ple size to the point that a clinically significant dif- 
ference could not have been detected. Probability of 
a type II error was not calculated. 


Widemar et al’ nonrandomly assigned 54 chil- 
dren with mucoid effusion, selected from 78 with 
chronic otitis media undergoing myringotomy, to 
receive or not receive adenoidectomy. Outcome was 
reported only at the second anniversary of the pro- 
cedure, at which time otoscopic findings were nor- 
mal in 13 (54%) of 24 children who had adenoidec- 
tomy versus 13 (37%) of 35 children who had not 
had adenoidectomy. They found this difference not 
statistically significant, but acknowledged that 
their limited sample size would not allow detection 
of a difference of 30% or less between the groups. 
The study was flawed by the unequal size of the 
groups and biased against adenoidectomy by the 
greater number of bilateral cases in the adenoidec- 
tomy group (15 [63 % ] of 24) versus the nonadenoid- 
ectomy group (18 [51 % ] of 35). 


Studies Demonstrating Efficacy. Maw' studied 
103 children, 2 to 12 years old (mean age, 5.25 
years), with bilateral chronic otitis media with effu- 
sion whose condition was resistant to 12 weeks of an- 
tihistamine treatment. He randomly assigned them 
to three groups: adenotonsillectomy (n= 34), ade- 
noidectomy (n= 36), or neither (n= 33). At opera- 
tion, one ear was randomly assigned to receive a 
tympanostomy tube. Clearance of effusion in the 
unoperated ear (as judged by otoscopy) was the cri- 
terion of success. At 3, 6, 9, and 12 months after op- 
eration, the clearance rates were, respectively, ade- 
noidectomy 56% , 64% , 58%, and 72%; adenoton- 
sillectomy 50% , 59% , 62%, and 62%; and control 
22%, 26%,°-19%, and 26%. The difference be- 
tween the two surgical groups and the control 
group at 12 months (71% versus 26%) was highly 
significant, but the difference between the adenoid- 
ectomy and the adenotonsillectomy groups was not. 
The lack of tympanometric corroboration of the 
otoscopic findings is a weakness of this study. 


Gates et al? randomly assigned 491 children, 4 to 
9 years old, with secretory otitis media persisting 60 
days or more after repeated medical therapy to surgi- 
cal control (n = 107), tympanostomy tubes (n= 129), 
adenoidectomy (n= 130), or adenoidectomy plus 
tympanostomy tubes (n = 125). Antimicrobial ther- 
apy had failed forall children, and none had had 
prior tonsil or adenoid surgery. Bilateral myringot- 
omy and suction aspiration of the middle ear were 
performed in all cases. The fossae of Rosenmiiller 
were not curetted. The children in the two adenoid- 
ectomy groups had significantly less time with effu- 
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sion and fewer repeat surgical treatments over the 
2-year follow-up period than those who did not 
have adenoidectomy at each level of tympanostomy 
tube use. There was no difference in the time with 
abnormal hearing in the three surgical groups, 
whether or not tympanostomy tubes were used. The 
reduction in morbidity (from control levels) in time 
spent with recurrent effusion was 29% with tym- 
panostomy tubes only, 38% with adenoidectomy 
and myringotomy, and 47% with adenoidectomy 
and tympanostomy tubes. Although two thirds of 
the children were Mexican-American, and thus 
there might be a question of generalizability, their 
outcomes did not differ from those of the rest of the 
children. 


Paradise et al? examined the effect of adenoidec- 
tomy in two groups of children with chronic otitis 
media with effusion recurring after tympanostomy 
tube treatment. One group (n= 99) was randomly 
assigned, and in the other (n= 114), parental pref- 
erence was used to determine whether adenoidecto- 
my was performed. In both groups, the outcomes of 
the children who had undergone adenoidectomy 
were statistically better than those of the control 
children for both follow-up years, with greater dif- 
ferences in the first than the second year. Adenoid- 
ectomy included routine curettage of the fossae of 
Rosenmiiller. In addition to significant reduction in 
time with effusion, clinically significant reductions 
in suppurative otitis media (28% and 35% in years 
l and 2, respectively) were noted; the difference 
was statistically significant only for the second year. 


Study Conclusions. There is an important differ- 
ence between clinical trials that fail to demonstrate 
an effect and those that demonstrate a lack of ef- 
fect. The three studies cited above that failed to 
demonstrate an effect of adenoidectomy have not 
been convincing because their sample sizes were too 
small to avoid a large type II error and because the 
infrequency of outcome assessment could have pre- 
vented detection of clinically important differences. 


The three more recent clinical trials, which had 
adequate sample size and frequent postoperative 
follow-up, demonstrated statistically significant 
and clinically important effects from adenoidecto- 
my in reducing morbidity in children with chronic 
otitis media with effusion. Thus, the evidence sup- 
ports the conclusion that adenoidectomy does modi- 
fy the natural history of chronic secretory otitis me- 
dia in severely affected children 4 years of age and 
older. However, a decision to use adenoidectomy in 
children in whom other forms of therapy have failed 
must take into account whether the magnitude of 
the effect is great enough to be clinically significant. 


INDICATIONS 


Evidence of efficacy is a necessary but not suffi- 
cient condition for establishing the indications for a 
surgical procedure. In deciding whether to recom- 


mend adenoidectomy, other factors should be con- 
sidered. Adenoid size, however, does not appear to 
be one of them.'? Assuming that there are no con- 
traindications to surgery (blood dyscrasia, intoler- 
ance to anesthetic agents, etc) and that a submu- 
cous cleft of the palate has been excluded, the risks 
and costs of the operation must be balanced against 
its benefits. Tonsillectomy doesnot appear to offer 
any effect on middle ear effusion beyond that of 
adenoidectomy alone.’ 


Controversy exists regarding when a given child 
is a surgical candidate. The debate centers primari- 
ly on duration of effusion and whether persistent ef- 
fusion, with its attendant mild conductive hearing 
loss, is harmful to the child’s development. Space 
does not permit a detailed review of these yet-unset- 
tled issues. We believe that even mild conductive 
hearing loss is a risk factor for impaired develop- 
ment, but that this risk may be reduced, to an un- 
known degree, by compensatory measures instituted 
by parents, teachers, and the children themselves. 


After a decision is made to treat the child surgical- 
ly, a second decision regarding tube insertion versus 
adenoidectomy with or without tube insertion is 
necessary. Arguments have been advanced that be- 
cause it is simpler and less expensive, insertion of 
tympanostomy tubes should be used initially, with 
adenoidectomy reserved for recurrent cases.** How- 
ever, owing to the substantially higher rate of reop- 
eration after use of tubes only, the greater initial ex- 
pense of adenoidectomy may be offset by the cost of 
repeat intubation procedures and the overall cost 
may be equivalent, depending on hospital and 
physician charges. In making such a decision, risks 
versus effectiveness must be considered in light of 
the needs of the child and family. 


We recommend surgical removal of the middle 
ear effusion, adenoidectomy, and, in most instances, 
tympanostomy tube placement for children with ef- 
fusion and hearing loss persisting more than 90 days 
despite adequate antimicrobial therapy. In selected 


~- cases, tubes may be omitted as long as myringotomy 


and aspiration of the middle ear are performed.” 
Others advise waiting 120 days or more, knowing 
that the effusion may resolve with time. However, 
A. R. Maw (personal communication, 1988) has 
noted persistent effusion for up to 3 years in 40% of 
cases and up to 5 years in 25%. Thus, a balance 
must be reached between the probability of sponta- 
neous resolution and the sequelae of prolonged mor- 
bidity with the risk of intercurrent infection. The 
time criterion is tempered by season: in the fall we 
are more likely to recommend surgery because of 
the high likelihood of exacerbation of the condition 
during the winter months; whereas in the spring, 
when otitis media and upper respiratory tract infec- 
tions are less prevalent, spontaneous resolution of 
effusion is more likely and longer observation is 
warranted. 
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Fig 3. Adenoid removal. Adenoid curette 
is placed transorally. Patient is in Rose’s 
position, with head and neck extended. 





SURGICAL CONSIDERATIONS 


TECHNIQUE 


Adenoidectomy is performed with the patient un- 
der general anesthesia and the airway assured by 
endotracheal intubation. The soft palate is retracted 
with a catheter. The adenoid is excised with curved 
curettes of various sizes and shapes by using a large 
mirror and either a headlight or the operating mi- 
croscope to inspect the nasopharynx to assure com- 
pleteness of removal (Fig 3). Curved biting forceps 
are useful to remove tissue not accessible by the cu- 
rette. Bleeding usually stops promptly; pressure ap- 
plied for a few minutes via sponges in the nasophar- 
ynx appears to assist the process, as does irrigation 
with saline at room temperature. Suction electro- 
cautery permits precise coagulation of bleeding ves- 
sels and avoids the risk of stenosis from indiscrimi- 
nate, field cauterization (Fig 4). The procedure 
takes less than 15 minutes in experienced hands. 


The goal of surgery is complete removal of the 
midline adenoid pad in order to achieve smooth re- 
epithelialization of the nasopharynx. Curettage of 
the tissue in the fossa of Rosenmiiller is done by 
those who strive for complete removal of all upper 
pharyngeal tissue, but not by others (ourselves in- 
cluded) for fear of scar tissue formation and con- 
tracture that might contribute to eustachian tube 


Fig 4. Soft palate, retracted with cathe- 
ter, and curved suction cannula in place. 
Mirror control is used to achieve pinpoint 
hemostasis. 


Surgeon is seated at head of table. 


reflux. In either case, care must be taken to avoid 
direct injury to the eustachian tube that might re- 
sult in stenosis. 


Unlike its companion operation, tonsillectomy, 
adenoidectomy causes few postoperative symptoms. 
Mild ear pain is common but difficult to attribute to 
the adenoidectomy, because the majority of pro- 
cedures are performed in conjunction with a pro- 
cedure on the tympanic membrane. The .child is 
able to eat normally as soon as nausea from the 
anesthetic has subsided. 


COMPLICATIONS 


The most common complication of adenoidecto- 
my is postoperative bleeding. However, the inci- 
dence is low: only 1 of 250 procedures, performed 
by 13 surgeons, required operative treatment for 
bleeding, and none of the patients needed or re- 
ceived blood transfusion.? Helmus et al” noted that 
only 4 patients in 1,000 (0.4%) bled after outpa- 
tient adenoidectomy; all instances of bleeding oc- 
curred in the first 6 postoperative hours and were 
managed without transfusion. 


Other, less common complications include naso- 
pharyngeal stenosis and velopharyngeal incompe- 
tence (VPI). Stenosis results from excessive tissue 
destruction such as might occur from excessive use 
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of electrocautery, excessive curettage of the fossae 
of Rosenmiiller, and removal of the lateral pharyn- 
geal bands.** Transient VPI may occur after remov- 
al of a large adenoid, but resolves quickly in the ma- 
jority of cases. Persistent VPI is the most feared 
complication, since it requires either a prosthesis or 
a secondary procedure (pharyngeal flap) for correc- 
tion. It is postulated that the majority of such cases 
are due to am undetected submucous cleft palate. 
Preoperative evaluation with fiberoptic nasophar- 
yngoscopy is useful in detecting an occult posterior 
submucous cleft.” 


To determine the safety of adenoidectomy in 
young children, we reviewed retrospectively the 
medical records of 63. children, 3 years or younger, 
who had undergone adenoidectomy consecutively 
at St Louis Children’s Hospital. The indications for 
the procedure were obstructive sleep apnea (38%), 
recurrent acute otitis media (85%), chronic otitis 
media with effusion (29%), and sinusitis (22%). 
Some children had more than one indication. There 
were no intraoperative problems, and the average 
blood loss was 23 mL (range, <5 to 100 mL). Intra- 
operative suction cautery of nasopharyngeal bleed- 
ing sites was done routinely. None of the children 
required transfusion. There were no instances of 
postoperative hemorrhage. Most of the procedures 
were done on an outpatient basis. There were no 
cases of VPI or stenosis. 


TYMPANOSTOMY TUBES 


Space does not permit a detailed discussion here 
of the role of tympanostomy tubes in the treatment 
of otitis media in children. The gold standard for 
surgical treatment is insertion of tympanostomy 


tubes.®° Their use has resulted in improved hearing 
and decreased recurrence of otitis media in large 
numbers of cases. However, the complications of 
tympanostomy tubes (purulent otorrhea, permanent 
perforation, recurrent effusion) are not clinically 
insignificant. Thus, the search continues for the 
most effective treatment strategy for children with 
otitis media. It is clear to us that neither the use of 
tympanostomy tubes nor adenoidectomy is the sole 
answer, and that continued study is needed to de- 
termine the ideal approach. 


SUMMARY 


Chronic bacterial infection of the adenoid is com- 
mon in children with otitis media, and appears to 
be an important part of its pathogenesis. Removal 
of the adenoid hastens resolution of otitis media and 
decreases the incidence of recurrence in comparison 
to control groups. Nonetheless, otitis media does re- 
cur after adenoidectomy. The procedure thus can- 
not be considered curative, although it does signifi- 
cantly reduce morbidity. 


Adenoidectomy is a relatively safe and effective 
minor operative procedure in trained hands. None- 
theless, its use should be evaluated in light of poten- 
tial adverse consequences. Adenoidectomy should 
be considered in the primary surgical treatment of 
older children (24 years) with chronic secretory 
otitis media with effusion when medical therapy 
has failed and prolonged observation confirms the 
persistence of effusion and hearing loss. The role of 
adenoidectomy in younger children is still under 
study. The effectiveness of adenoidectomy in pre- 
vention of recurrent acute otitis media has not been 
established. 
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ANTIMICROBIAL PROPHYLAXIS FOR RECURRENT ACUTE 
OTITIS MEDIA 


JACK L. PARADISE, MD 
PITTSBURGH, PENNSYLVANIA 


Antimicrobial prophylaxis for recurrent otitis media was first reported in 1960 in an uncontrolled study using a long-acting sulfon- 
_ amide in Native American children younger than 11 years of age. In subsequent controlled studies using various antimicrobial drugs (pri- 
marily aminopenicillins or sulfonamides) subjects receiving prophylaxis continued to have episodes of acute otitis media, but at rates sub- 
"stantially lower than those of controls. More recently, prophylaxis has appeared effective in reducing the number of acute recurrences, but 
not the cumulative proportion of time with middle ear effusion that was present independent of such recurrences. Although questions re- 
main about choice of drug, optimal dosage schedules, risk of untoward drug reactions, duration of use, and the risk of encouraging the 
emergence of resistant strains of pathogenic bacteria, antimicrobial prophylaxis currently appears to be the most logical first approach in 


the management of the child with recurrent otitis media. 


KEY WORDS — antimicrobial prophylaxis, recurrent acute otitis media. 


The purpose of this paper is to review the use of 
subtherapeutic doses of antimicrobial drugs to pre- 
vent recurrences of acute suppurative otitis media 
(AOM), to summarize current knowledge about oti- 
tis prophylaxis, and to offer recommendations con- 
cerning its use. 


RATIONALE FOR PREVENTION 


In the child subject to repeated attacks of AOM, 
efforts at prevention see «justified for a number of 
reasons. Perhaps the most obvious is prevention of 
discomfort: both local discomfort as a direct result 
_ of middle ear inflammation, and general discomfort 
as a consequence of the febrile response to acute in- 
fection. Averting the usual accompanying conduc- 
tive hearing loss is another consideration, even 
though the hearing loss often is inapparent or mild, 
and usually seems not to cause distress in the child. 
Prevention can also spare parents the cost of physi- 
cian visits and drug therapy, of time lost from work, 
`- and, in extreme cases, of surgical procedures. Allay- 
ing parental anxiety and maintaining normal ac- 
tivities for both parent and child are two more good 
reasons. Last is avoidance of possible long-range se- 
quelae of either otitis media or eventual surgical 
measures. These potential sequelae consist of struc- 

tural middle ear damage and hearing loss and, 
-much more arguably, short- or long-term impair- 
` ment of speech, language, cognitive, or psychoso- 
cial development.*? 


METHODS OF PREVENTION 


Approaches to the prevention of recurrent AOM 
include, in addition to antimicrobial prophylaxis, a 
variety of other interventions, discussion of which is 
beyond the scope of this review. These interventions 
consist of the administration of polyvalent pneumo- 


coccal vaccine, and the performance of myringot- 
omy with or without tympanostomy tube place- 
ment and of adenoidectomy with or without tonsil- 
lectomy, either singly or as combined procedures. 
None of these, in my judgment, is as reasonable a 
first-try approach as antimicrobial prophylaxis. 


ANTIMICROBIAL PROPHYLAXIS IN PERSPECTIVE 


Short- or long-term antimicrobial prophylaxis is a 
well-established procedure under a number of cir- 
cumstances: for the prevention of neonatal gono- 
coccal ophthalmia; for the prevention of bacterial 
endocarditis in persons with congenital or rheumat- 
ic valvular heart disease; for the prevention, after 
appropriate exposure, of such varied infections as 
tuberculosis, syphilis, gonorrhea, diphtheria, per- 
tussis, meningococcal sepsis or meningitis, and He- 
mophilus influenzae type b disease; for the preven- 
tion of traveler’s diarrhea; in patients who have 
sickle cell disease or have undergone splenectomy; 
in patients with recurrent urinary tract infection; 
and in patients who have incurred burns, bites, or 
other contaminated injuries. 


In most of these circumstances, however, the ob- 
jective is protection against infection by a single 
bacterial organism, rather than by a variety of po- 
tential organisms, as is the case in AOM. Thus, it 
may not be reasonable to expect as satisfactory re- 
sults from otitis media prophylaxis as from prophy- 
laxis for one of these other conditions. Expectations 
about the efficacy of prophylaxis for recurrent 
AOM might be further tempered by the findings of 
studies in which prophylaxis was apparently not ef- 
ficacious in preventing bacterial complications of 
measles and of viral upper and lower respiratory 
tract infections,’ although it should be noted that 
comparable trials apparently have not been carried 
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out during the past two decades, during which time 
broader-spectrum antibacterial drugs have become 
available. 


Potential complications of long-term prophylaxis 
include development of adverse drug reactions, 
emergence of resistant strains of bacteria, and sup- 
pression of symptoms or signs of acute infection 
rather than the infection itself, which could reduce 
the likelihood that the illness would be detected. 


STUDIES OF PROPHYLAXIS FOR OTITIS MEDIA 


The first reported study of antimicrobial prophy- 
laxis for otitis media was conducted more than 30 
years ago in Montana by Ensign et al.* The subjects 
were 120 Native American children less than 11 
years of age, 91 of whom had a history of otorrhea 
during previous years. Sulfamethoxypyridazine, a 
long-acting sulfonamide no longer in use, was pre- 
scribed for all of the children, to be given in a single 
dose three times weekly to those weighing more 
than 9 kg (20 lb) and twice weekly to those weigh- 
ing less. There was no prospective monitoring for 
either medication compliance or the occurrence of 
otitis media, but parents were later asked about 
both of these outcomes and the children were classi- 
fied accordingly. Among children both with and 
without a history of otorrhea, earache and/or otor- 
rhea reportedly occurred much less often in those 
who had received the drug regularly or irregularly 
than in those who had received it for only short pe- 
riods or not at all. Although this study had major 
limitations in that it was uncontrolled and out- 
comes were based on parental account rather than 
direct observation, the degree of apparent benefit 
from prophylaxis was large enough to suggest that 
the benefit was real. 


About a decade later, Maynard et al’ studied the 
efficacy of ampicillin prophylaxis in 364 Western 
Alaskan Eskimo infants and children less than 7 
years of age, most of whom had demonstrable tym- 
panic membrane abnormalities. The children were 
divided into two groups matched for family size, 
age, sex, and history of otitis media. In double- 
blind fashion, subjects in one group received ampi- 
cillin (250 mg once daily if 2'/, years of age or older; 
125 mg once daily if less than 2'/, years). The other 
group received placebo. An episode of otitis media 
was defined as the occurrence of otorrhea as re- 
ported by parents after an apparently otorrhea-free 
interval of at least 2 weeks. Subjects were studied 
over the course of 1 year. In the ampicillin-treated 
group, 24% developed one or more episodes of otor- 
rhea and 4% developed three or more episodes, as 
compared with 40% and 11%, respectively, in the 
placebo group. These differences were statistically 
significant, and provided substantial evidence that 
ampicillin prophylaxis had been effective. 


Even more persuasive results were reported by 
Perrin et alf in 1974. The subjects were 54 children, 


11 months to 8 years of age, who were enrolled in a 
private practice in Rochester, NY, and who had 
histories of three or more episodes of AOM in the 
preceding 18 months or five or more episodes in the 
course of their lifetimes. They were studied over a 
6-month period from December through May, a pe- 
riod chosen because AOM is more likely to occur 
then than in summer or fall. Subjects were assigned 
in a double-blind, crossover design; half received 
sulfisoxazole 0.5 g twice daily during the first 3 
months of the study and placebo during the second 
3 months, while the other half received the two 
medications in reverse order. The children were ex- 
amined every 6 weeks, and the outcome measure 
was the number of AOM episodes. Criteria for this 
diagnosis were not specified. Of the 54 subjects, 4 
developed one or more episodes while receiving sul- 
fisoxazole, whereas 21 developed one or more epi- 
sodes while receiving placebo. The difference was 
statistically significant (p< .02), as was the differ- 
ence in attack rates: 0.15 episodes per child per 6 
months in children receiving sulfisoxazole versus 
1.05 in those receiving placebo (p< .001). The re- 
duction in attack rate was not statistically signifi- 
cant in the subjects 6 years of age or older, perhaps 
because, as the authors suggested, the dose of sul- 
fisoxazole had not been high enough. 


These early studies of otitis media prophylaxis, as 
well as later studies of various designs with general- 
ly similar results,” have had a number of limita- 
tions in common, First, study design in most cases 
would not have permitted detection of nonsymp- 
tomatic episodes of AOM, even though such epi- 
sodes occur frequently, especially in infants. Sec- 
ond, none of the studies provided unambiguous re- 
sults concerning possible effects of prophylaxis on 
the occurrence of nonsuppurative (secretory) otitis 
media. Third, follow-up did not extend beyond 1 
year, and in most studies was considerably shorter. 
And finally, none of the studies compared the ef- 
ficacy of one antimicrobial drug with that of anoth- 
er. 


Sorne of these issues have recently been addressed 
in a study conducted in Milan, Italy, by Principi et 
al,'* of 96 children, 9 months to 5 years of age, each 
of whom had had three or more well-documented 
episodes of AOM in the preceding 6 months. At the. 
time of entry into the study, 97 % of the subjects still 
had either unilateral or bilateral middle ear effu- 
sion. The subjects were randomly assigned to re- 
ceive either amoxicillin, trimethoprim-sulfame- 
thoxazole (TMP-SMX), or placebo. Treatment was 
continued for 6 months, during which the subjects 
were examined at intervals of 4 to 6 weeks. In the 
course of follow-up, 9 of the 33 subjects in the 
amoxicillin group developed 11 episodes of AOM; 9 
of the 33 subjects in the TMP-SMX group developed 
9 episodes; and 19 of the 30 subjects in the placebo 
group developed 25 episodes. In each case the dif- 
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ference in outcome between the drug-treated and 
placebo-treated groups was statistically significant 
(p<.01). 


The investigators also estimated the cumulative 
proportions of time with middle ear effusion for 
each of the three treatment groups. Overall, effu- 
sion was present 75.2% of the time in the placebo 
group, as compared with 67.8% and 64.2%, re- 
spectively, in the amoxicillin and TMP-SMX 
groups. However, among subjects who developed 
no episodes of AOM in the course of the study, little 
difference was found between the three treatment 
groups in the percent of time with effusion. The au- 
thors concluded that drug treatment, in reducing 
the number of AOM episodes, had correspondingly 
reduced the periods of effusion that accompanied 
and followed those episodes, but had not reduced 
the duration of effusion that occurred independent 


' of AOM episodes. 


In summary, the Milan study confirmed the effi- 
cacy of antimicrobial prophylaxis for recurrent 
AOM. The study showed no difference in efficacy 
between amoxicillin and TMP-SMX, but because of 
the small number of subjects, even a substantial dif- 
ference might not have been detected. The study 
showed no effect of prophylaxis on the occurrence 
of middle ear effusion other than that attributable 
to AOM, but because virtually all of these subjects 
had had effusion at entry, these findings cannot be 
generalized to children who are effusion-free at the 
time prophylaxis is instituted. 


CAUTION CONCERNING SULFONAMIDES 


Because the Milan study, as well as earlier stud- 
ies,+°11-13.14 supports the use of a sulfonamide for 
AOM prophylaxis, two notes of caution are in order. 
First, the use of any sulfonamide carries the risk of 
untoward side effects, including not only rash, fe- 
ver, and urticaria, but also more serious and in 
some rare cases potentially fatal complications. Ex- 
amples are Stevens-Johnson syndrome, toxic epider- 
mal necrolysis, generalized vasculitis, hepatic nec- 
rosis, granulocytopenia, aplastic anemia, nephrosis, 
and hemolytic anemia in patients with glucose-6- 
phosphate dehydrogenase deficiency. 


The second caution concerns the use of TMP-SMX, 
as distinct from other sulfonamides, for AOM pro- 
phylaxis in the United States. Both the current 
(45th) edition of Physicians’ Desk Reference and the 
package inserts accompanying available prepara- 
tions of TMP-SMX state that this drug combination 
“is not indicated for prophylactic or prolonged ad- 


ministration in otitis media at any age.” On the oth- 
er hand, no such limitation is specified for prepara- 
tions of sulfisoxazole. Although this statement is di- 
rected at one particular sulfonamide and appears to 
lack supporting evidence, it might serve to make a 
physician subject to criticism or to legal liability if 
an untoward side effect were to occur in a child 
who was prescribed TMP-SMX for AOM prophy- 


laxis. 


REMAINING QUESTIONS 


A number of unanswered questions concerning 
AOM prophylaxis remain. Which drug, at what 
dosage, offers the optimal combination of efficacy, 
safety, and cost? Is there a generally optimal dura- 
tion of prophylaxis, or a valid basis for determining 
an optimal duration in individual children? Final- 
ly, how likely is it that the widespread use of AOM 
prophylaxis would promote the emergence of resis- 
tant strains of organisms in children receiving a par- 
ticular drug? And if that happened, how great 
would be the risk of spread of these resistant strains 
to other children? Answers to these questions are 
clearly needed to. further guide clinical decision- 
making. 


CURRENT RECOMMENDATIONS 


Despite the uncertainties that remain, it seems 
reasonable to offer provisional recommendations. 
For the child with recurrent AOM, antimicrobial 
prophylaxis currently appears to be the best first-try 
intervention available, taking into account safety, 
efficacy, and cost. Reasonable criteria for undertak- 
ing prophylaxis would be the occurrence of at least 
three episodes of AOM during the preceding 6 
months, or at least four episodes during the preced- 
ing 12 months provided that at least one episode 
had occurred within the preceding 6 months. 
Amoxicillin seems the optimal first choice of drug 
when patients are not known to be hypersensitive to 
penicillin. This is primarily because of amoxicillin’s 
long and impressive safety record, and secondarily 
because of its relatively low cost. For the patient 
who is hypersensitive to penicillin, or in whom 
AOM breakthroughs have occurred during amoxi- 
cillin therapy, sulfisoxazole is the logical next alter- 
native. 


The optimal duration of prophylaxis is, at best, a 
matter of judgment. Certainly it should continue 
until the beginning of the following summer season, 
and for children who have had episodes of AOM 
during the summer months, probably for at least 1 
calendar year. 
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SINUSITIS IN INFANTS AND CHILDREN 
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PITTSBURGH, PENNSYLVANIA 


The major clinical problem in considering a diagnosis of sinusitis is differentiating uncomplicated upper respiratory tract infection 
from a secondary bacterial infection of the paranasal sinuses that may benefit from antimicrobial therapy. A diagnosis of sinusitis is sug- 
gested by presentation with protracted upper respiratory tract symptoms or a cold that is more severe than usual with fever and purulent 
nasal discharge. Confirmatory tests of sinus disease are transillumination (useful in adolescents if interpretation is confined to the extremes 
— normal or absent); radiographic findings of opacification, mucous membrane thickening, or an air-fluid level; and sinus aspiration (in- 
dicated for severe pain, clinical failures, or complicated disease). When clinical signs and symptoms are accompanied by abnormal radio- 
graphic findings, bacteria in high colony count are recovered from the maxillary sinus aspirate in 70% of patients. The common bacterial 
species recovered from children with acute maxillary sinusitis are Streptococcus pneumoniae, Moraxella (Branhamella) catarrhalis, and 


Hemophilus influenzae. 


KEY WORDS — antibiotics, bacterial infections, sinusitis, upper respiratory tract infections. 


INTRODUCTION 


For a clinician considering a diagnosis of sinusitis 
in a child or an adult, the major problem is to dis- 
tinguish between, on the one hand, viral upper 
respiratory tract infection (URI) or allergic inflam- 
mation and, on the other hand, secondary bacterial 
infection of the paranasal sinuses. Both URI and al- 
lergy may prompt consideration of symptomatic 
treatment, whereas patients with sinusitis will ben- 
efit from specific antimicrobial therapy. Both URI 
and allergic inflammation are recognized risk fac- 
tors for acute sinusitis, with URI being the more 
common. . 


PATHOPHYSIOLOGY AND PATHOGENESIS 


Three key elements are important to the normal 
physiology of the paranasal sinuses: the patency of 
the ostia, the function of the ciliary apparatus, and, 
integral to the latter, the quality of secretions.' Re- 
tention of secretions in the paranasal sinuses is due 
to one or more of the following: obstruction of the 
ostia, reduction in number or impaired function of 
the cilia, or overproduction or change in viscosity of 
secretions. 


The ostia of the paranasal sinuses are the key to 
disease in the sinus area. The ostia of the maxillary 
sinuses are small tubular structures with a radio- 
logic diameter of 2.5 mm (cross-sectional area about 
5 mm) and a length of 6 mm.? The diameter of the 
ostium of each of the individual ethmoid air cells 
that drain independently into the middle meatus is 
even smaller, measuring 1 to 2 mm; the anterior are 
smaller than the posterior.? The narrow caliber of 
these individual ostia sets the stage for obstruction 
to occur easily and often. 


The factors predisposing to ostial obstruction can 
be divided into those that cause mucosal swelling 
and those due to mechanical obstruction.’ The vari- 


ous factors that may cause mucosal swelling, conse- 
quent either to systemic illness or to local insults, 
are shown in Table 1. In addition, those conditions 
that predispose to mechanical obstruction of the si- 
nus ostia are listed. Although many conditions may 
lead to ostial closure, viral URI and allergic inflam- 
mation are by far the most frequent and most im- 
portant causes. 


CLINICAL PRESENTATION 


Commonly recognized symptoms of sinusitis in 
adults and adolescents are facial pain, headache, 
and fever. However, children with acute sinusitis 
frequently have complaints that are less specific. 
During the course of apparent viral URI, there are 
two common clinical developments that should 
alert the clinician to the possibility of bacterial in- 
fection of the paranasal sinuses. 


The first, most common, clinical situation in 
which sinusitis should be suspected is persistence of 
the signs and symptoms of a cold. Nasal discharge 
and daytime cough that continue beyond 10 days 
and do not improve are the principal complaints. 
Most uncomplicated URIs last 5 to 7 days; although 


TABLE 1. FACTORS PREDISPOSING TO SINUS 
OSTIAL OBSTRUCTION 


Mechanical 


Mucosal Swelling Obstruction 


Choanal atresia 
Deviated septum 


Systemic disorder 
Viral upper respiratory tract infection 


Allergic inflammation Nasal polyps 
Cystic fibrosis Foreign body 
Immune disorders Tumor 


Immotile cilia 

Local insult 
Facial trauma 
Swimming or diving 
Rhinitis medicamentosa 
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patients may not be asymptomatic by the 10th day 
they are usually improved. The persistence of respi- 
ratory symptoms beyond the 10-day mark without 
appreciable improvement suggests that a complica- 
tion has developed. 


The nasal discharge may be of any quality (thin 
or thick; clear, mucoid, or purulent), and the cough 
(which may be dry or wet) is usually present in the 
daytime, although it is often noted to be worse at 
night. Cough occurring only at night is a common 
residual symptom of a URI. As the only residual 
symptom, it is usually nonspecific and does not sug- 
gest a sinus infection. On the other hand, the persis- 
tence of daytime cough is frequently the symptom 
that brings a child to medical attention. The child 
may not appear ill, and if fever is present it usually 
is low-grade. Fetid breath is often reported by par- 
ents of preschoolers. Facial pain is absent, but inter- 
mittent, painless morning periorbital swelling may 
have been noted by the parent. In this case, it is the 
persistence of clinical symptoms and not their sever- 
ity that calls for attention. 


The second, less common, presentation is a cold 
that seems more severe than usual: the fever is high 
(greater than 39.0°C), the nasal discharge is puru- 
lent and copious, and there is associated periorbital 
swelling and facial pain. The periorbital swelling 
may involve the upper or lower lid; it is gradual in 
onset (evolving over hours to days) and most obvi- 
ous in the early morning after awakening. The 
swelling may decrease and actually disappear dur- 
ing the day, only to reappear the following day. A 
less common complaint is headache (ie, a feeling of 
fullness or a dull ache either behind or above the 
eyes), most often reported in children older than 5 
years of age. Occasionally, there may be dental 
pain, either from infection originating in the teeth 
or referred from the sinus infection. 


DIAGNOSIS 


Physical Examination, On physical examination, 
the patient with acute sinusitis may have mucopuru- 
lent discharge in the nose or nasopharynx. The na- 
sal mucosa is erythematous; the throat may show 
moderate injection. The cervical lymph nodes are 
usually not significantly enlarged or tender. None 
of these characteristics differentiates rhinitis from 
sinusitis. Occasionally there will be either tender- 
ness as the examiner palpates over or percusses the 
paranasal sinuses, appreciable periorbital edema 
(soft, nontender swelling of the upper and lower 
eyelid with discoloration of the overlying skin), or 
both. Malodorous breath (in the absence of pharyn- 
gitis, poor dental hygiene, or a nasal foreign body) 
may suggest bacterial sinusitis. 


Transillumination may be helpful in diagnosing 
inflammation of the maxillary or frontal sinuses. 
The patient and examiner must be in a darkened 
room. To transilluminate the maxillary sinus, the 


light source, shielded from the observer, is placed 
over the midpoint of the inferior orbital rim. The 
transmission of light through the hard palate is then 
assessed with the patient’s mouth open. Light pass- 
ing through the alveolar ridges should be excluded 
in judging light transmission. Transillumination of 
the frontal sinus is accomplished by placing a high- 
intensity light source beneath the medial border of 
the supraorbital ridge and evaluating the symmetry 
of the blush bilaterally. 


Transillumination is useful in adolescents and adults 
if light transmission is either normal or absent. Re- 
duced transmission and dull transillumination cor- 
relate poorly with clinical disease. The increased 
thickness of both the soft tissue and bony vault in 
children less than 10 years of age limits the clinical 
usefulness of transillumination in the younger age 
group. 


In general, for most children less than 10 years 
old the physical examination is not very helpful in 
making a specific diagnosis of acute sinusitis. How- 
ever, if the mucopurulent material can be removed 
from the nose and the nasal mucosa is treated with 
topical vasoconstrictors, pus may be seen coming 
from the middle meatus. The latter observation and 
periorbital swelling or facial tenderness (when pres- 
ent) are probably the most specific findings in acute 
sinusitis. 


Radiography. Radiography has traditionally been 
used to determine the presence or absence of sinus 
disease. Standard radiographic projections include 
an anteroposterior, a lateral, and an occipitomental 
view. The anteroposterior view is optimal for eval- 
uation of the ethmoid sinuses, and the lateral view 
is best for the frontal and sphenoid sinuses. The oc- 
cipitomental view, taken after tilting the chin up- 
ward 45° from the horizontal, allows evaluation of 
the maxillary sinuses. 


Although much has been written about the fre- 
quency of abnormal sinus radiographs in “normal” 
children, these studies have been flawed either by 
inattention to the presence of symptoms and signs of 
respiratory inflammation or by failure to classify 
abnormal radiographic findings as major (signifi- 
cant) or minor (insignificant) .°-* One report’ shows 
that abnormal maxillary sinus radiographs are in- 
frequent in children beyond their first birthday who 
are without recent symptoms and signs of respira- 
tory tract inflammation. 


The radiographic findings most diagnostic of 
bacterial sinusitis are the presence of an air-fluid 
level in, or complete opacification of, the sinus cavi- 
ties. However, an air-fluid level is an uncommon 
radiographic finding in children less than 5 years of 
age with acute sinusitis. In the absence of an air- 
fluid level or complete opacification of the sinuses, 
measuring the degree of mucosal swelling may be 
useful. If the width of the sinus mucous membrane 
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is 5 mm or greater in adults or 4 mm or greater in 
children, the sinus is likely to contain pus or yield a 
positive bacterial culture.*? When clinical signs and 
symptoms suggesting acute sinusitis are accompa- 
nied by abnormal maxillary sinus radiographic 
findings, bacteria will be present in a sinus aspirate 
70% of the time.” A normal radiograph suggests, 
but does not prove, that a sinus is free of disease. 


Sinus Aspiration. The diagnosis of acute bacterial 
sinusitis is probably best proved by a biopsy of the 
sinus mucosa that demonstrates acute inflammation 
and invasion by bacteria. In practice, confirmation 
of the diagnosis is more often accomplished by cul- 
turing an aspirate of sinus secretions. Nonetheless, 
when simultaneously obtained mucosal biopsies and 
sinus aspirates are submitted for bacterial cultures, 
biopsies more often yield positive results. 


Although by no means a routine procedure, aspi- 
ration of the maxillary sinus (the most accessible of 
the sinuses) can be accomplished easily in an outpa- 
tient setting with minimal discomfort to the pa- 
tient. Puncture is best performed by the transnasal 
route with the needle directed beneath the inferior 
turbinate through the lateral nasal wall. This route 
for aspiration is preferred to avoid injury to the nat- 
ural ostium and permanent dentition. If the patient 
is unusually apprehensive or too young to cooper- 
ate, a short-acting narcotic agent can be used for se- 
dation. 


Careful sterilization of the puncture site is essen- 
tial to prevent contamination by nasal flora. Four 
percent cocaine solution applied intranasally will 
achieve mucosal anesthesia and antisepsis. Lido- 
caine hydrochloride (Xylocaine) should be injected 
into the submucosa at the site of the actual punc- 
ture. Secretions obtained by aspiration should be 
submitted for Gram stain and quantitative aerobic 
and anaerobic cultures. Bacterial isolates should be 
tested for their sensitivity to various antibiotics. A 
high bacterial colony count ensures that the culture 
results reflect actual sinus infection rather than con- 
tamination; counts of greater than 10* colony-form- 
ing units per milliliter give a high degree of assur- 
ance of in situ infection. Alternatively, examination 
of a Gram stain preparation of sinus secretions may 
be helpful, as bacteria that are present in low col- 
ony count (likely to be contaminants) will usually 
not be seen on smear. 


Indications for sinus aspiration in patients with 
suspected sinusitis include clinical unresponsiveness 
to conventional therapy, sinus disease in an immu- 
nosuppressed patient, severe symptoms such as 
headache or facial pain, and life-threatening com- 
plications such as intraorbital or intracranial sup- 
puration at the time of clinical presentation. 


MICROBIOLOGY 
Knowledge of the bacteriology of secretions ob- 


TABLE 2. BACTERIOLOGY OF ACUTE SINUSITIS 


Organism Prevalence (%) 


Streptococcus pneumoniae 25-30 
Moraxella (Branhamella) catarrhalis 15-20 
Hemophilus influenzae 15-20 
Streptococcus pyogenes 2-5 
Anaerobes 2-5 
Sterile 20-35 


tained directly from the maxillary sinus by needle 
aspiration (with careful avoidance of contamina- 
tion from mucosal surfaces) provides information 
essential to planning antimicrobial therapy. 


Whether there is a normal flora of the paranasal 
sinuses is an area of controversy. It is the opinion of 
some, and there are scant data to support the no- 
tion, that the paranasal sinuses are normally sterile. 
On the other hand, in a study of adults undergoing 
correction of nasal septal deviation," anaerobic and 
aerobic bacteria were recovered from the sinus aspi- 
rates of all individuals. The question here is wheth- 
er such patients constitute a normal population. 
Septal deviation is a known risk factor for sinusitis 
and radiographs were not obtained prior to sinus 
puncture in these individuals. It will be difficult to 
resolve this controversy, because the violation of 
normal sinus cavities can rarely be justified. 


A study of 50 children with acute maxillary sinus- 
itis’ has shown the bacteriology of sinus secretions 
to be similar to that found in adults.’? The predomi- 
nant organisms include Streptococcus pneumoniae, 
Moraxella (Branhamella) catarrhalis, and nontype- 
able Hemophilus influenzae. Both H influenzae and 
M catarrhalis may produce 6-lactamase and, conse- 
quently, may be ampicillin-resistant. Interestingly, 
only a single anaerobic isolate, a Peptostreptococcus 
species, was recovered from sinus secretions during 
this study. Staphylococcus aureus was not isolated 
from a maxillary sinus aspirate. Several viruses, in- 
cluding adenovirus and parainfluenzae, were also 
recovered.‘ Summary figures for the prevalence of 
various bacterial species in children with acute si- 
nusitis are shown in Table 2. 


It would be desirable to culture the nose, throat, 
or nasopharynx in patients with acute sinusitis if the 
predominant flora isolated from these surface cul- 
tures were predictive of the bacterial species recov- 
ered from the sinus secretions. Unfortunately, the 
results of surface cultures have no predictive value; 
accordingly, nose, throat, and nasopharyngeal cul- 
tures cannot be recommended as guides to the bac- 
teriology and therapy of acute or chronic sinusitis.’ 


TREATMENT 


Therapy for acute maxillary sinusitis in the pre- 
antibiotic era consisted of sinus aspiration and irri- 
gation. The current availability of numerous anti- 
microbial agents to which the bacteria recovered 
from sinus secretions are susceptible prompts con- 
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TABLE 3. ANTIMICROBIAL AGENTS FOR 
ACUTE SINUSITIS 


Drug Dosage 
Amoxicillin 40 mg/kg per day in 3 divided 
doses 


Erythromycin ethylsuccinate 50 mg/kg and 150 mg/kg per day 


and sulfisoxazole acetyl in 4 divided doses 

Sulfamethoxazole and 40 mg/kg and 8 mg/kg per day in 

trimethoprim 2 divided doses 

Cefaclor 40 mg/kg per day in 3 divided 
doses 


Amoxicillin and clavulanate 40 mg/kg and 10 mg/kg per day 
potassium in 3 divided doses 


Cefixime 8 mg/kg once daily 


sideration of antimicrobials as standard treatment 
of acute sinusitis. The objectives of antimicrobial 
therapy are achievement of a rapid clinical cure, 
sterilization of the sinus secretion, prevention of 
suppurative orbital and intracranial complications, 
and prevention of chronic sinus disease. 


Antimicrobial Agents. Medical therapy with an 
antimicrobial agent is recommended in children 
with acute maxillary sinusitis. The relative frequen- 
cy of use of the various bacterial agents suggests that 
amoxicillin is the appropriate agent for most un- 
complicated cases of acute sinusitis (Table 3). 
Amoxicillin is relatively safe, effective, and reason- 
ably priced. Safety is an especially important con- 
sideration when treating an infection with a 40% 
rate of spontaneous recovery.* The prevalence of 
6-lactamase-positive, ampicillin-resistant H influ- 
enzae and M catarrhalis may vary geographically. 
In cases of prevalent ampicillin-resistant organisms, 
patient allergy to penicillin, accompanying mild 
periorbital swelling, or apparent antibiotic failure, 
several alternative regimens are available. The 
combination agent trimethoprim-sulfamethoxazole 
(Bactrim, Septra) has been shown to be efficacious 
in acute maxillary sinusitis in adults. However, this 
combination agent may be ineffective in patients 
with group A streptococcal infections. A combina- 
tion of amoxicillin and clavulanate potassium (Aug- 
mentin) is a therapeutic agent for use in patients 
with 6-lactamase—producing bacterial species in 
maxillary sinus secretions. Clavulanate potassium 
irreversibly binds the 8-lactamase, if present, and 
thereby restores amoxicillin to its original spectrum 
of activity. 


Cefaclor (Ceclor) and the combination erythro- 
mycin ethylsuccinate-sulfisoxazole acetyl (Pedia- 
zole) are also suitable agents. Cefixime (Suprax) is a 
third-generation cephalosporin with excellent activ- 
ity against 6-lactamase-producing H influenzae 
and M catarrhalis; it has no activity against S 
aureus and marginal activity against S pneumoniae. 
It should be reserved for use in patients whose infec- 
tions fail to respond to amoxicillin. 


Patients with acute sinusitis may require hospi- 
talization because of systemic toxicity or inability to 
take oral antimicrobials. These patients may be 


treated intravenously with cefuroxime axetil (Cef- 
tin), 100 to 200 mg/kg per day in three divided 
doses. 


Clinical improvement is prompt in nearly all chil- 
dren treated with an appropriate antimicrobial 
agent. Patients febrile at the initial encounter will 
become afebrile, and there is a remarkable reduc- 
tion of nasal discharge and cough within 48 hours. 
If the patient does not improve or worsens in 48 
hours, clinical reevaluation is appropriate. If the di- 
agnosis is unchanged, sinus aspiration may be con- 
sidered to obtain precise bacteriologic information. 
Alternatively, an antimicrobial agent effective against 
6-lactamase—producing bacterial species should be 
prescribed. 


The antimicrobial regimens recommended for 
treatment of acute sinusitis are similar in type and 
duration to those used for acute otitis media. The 
usual duration of antimicrobial therapy is 10 to 14 
days. This recommendation is based on an experi- 
ence in adults that demonstrated that 20% of sinus 
aspirates obtained after 7 days of antimicrobial 
treatment were still culture-positive.® ‘When the pa- 
tient is improved but not completely recovered by 
10 or 14 days, continuation of treatment for another 
week is reasonable. 


Decongestants and Antihistamines. The effective- 
ness of antihistamines, decongestants, or combina- 
tions thereof applied topically (by inhalation) or ad- 
ministered by mouth in acute or chronic sinus infec- 
tion has not been adequately studied. Limited in- 
vestigation of specific agents in clinical rhinitis has 
shown that some produce a decrease in nasal resis- 
tance. However, a study of patients with sinorhini- 
tis‘? found that oral phenylpropanolamine hydro- 
chloride did not significantly increase the size of the 
maxillary ostium. 


Topical decongestants such as phenylephrine hy- 
drochloride or oxymetazoline hydrochloride shrink 
the nasal mucous membrane, improve ostial drain- 
age, and provide symptomatic improvement; how- 
ever, they may cause ciliostasis. Ciliary motion is an 
important local defense mechanism; the entire mu- 
cous covering of the maxillary antrum is normally 
cleared every 10 minutes. By inhibiting ciliary mo- 
tion, topical decongestants may delay clearance of 
infected material. In addition, by decreasing blood 
flow to the mucosa, topical decongestants may fur- 
ther lower oxygen tension and impair diffusion of 
antimicrobial agents into the sinuses. The net effect 
of the various topical preparations on clinical recov- 
ery from sinusitis or the incidence of complications 
is unknown. 


Irrigation and Drainage. Irrigation and drainage 
of the infected sinus may result in dramatic relief 
from pain for patients with acute sinusitis. In addi- 
tion, with relief of pressure in the sinus, oxygena- 
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tion and blood flow improve, thus restoring com- 
promised defense mechanisms. Local immunoglob- 
ulin and complement levels increase and proteolytic 
enzymes decrease in sinus secretions after irrigation 
procedures. Drainage procedures are usually re- 
served for those whose condition fails to respond to 


medical therapy with antimicrobial agents or who 
have a suppurative intraorbital or intracranial com- 
plication. If an episode of acute sinusitis cannot be 
effectively treated by medical therapy alone or 
medical therapy and simple sinus puncture, more 
radical surgery may be necessary. 
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SURGICAL MANAGEMENT OF SINUS DISEASE IN CHILDREN 


SCOTT C. MANNING, MD 
DALLAS, TEXAS 


In the past few years, interest in pediatric sinus surgery has increased in response to the introduction of new endoscopic techniques and 
to mounting societal pressure to resolve the problem of persistent rhinosinusitis in the day-care setting. As yet, there are no prospective con- 
trolled studies demonstrating efficacy of sinus surgery in children with uncomplicated acute or recurrent acute sinusitis, and medical man- 
agement overwhelmingly remains the treatment of choice for these patients. Sinus surgery may be indicated, however, for three groups of 
pediatric patients: those with true chronic disease, those with serious underlying disease states aggravated by recurrent sinusitis, and those 


with suppurative complications of sinusitis. 


KEY WORDS — pediatric sinus surgery, rhinosinusitis, sinusitis. 


INTRODUCTION 


Otolaryngologists are often presented, by parents 
and pediatricians, with the problem of a child with 
chronic rhinorrhea and/or cough. Increasingly, the 
possibility of surgery as a treatment for presumed 
chronic sinusitis arises. This heightened interest in 
pediatric sinus surgery derives from two relatively 
recent phenomena: 1) children in day-care who 
have greater exposure to routine viral illness and 
parents who have less time for routine care of such 
illnesses, and 2) the development of newer endo- 
scopic techniques for sinus surgery with the expec- 
tation, not necessarily valid, of achieving better re- 
sults with less morbidity. Which treatment is best 
for a child with sinusitis is not always clear; there is 
little evidence, however, that chronic rhinorrhea 
results in long-term morbidity for most children, or 
that pediatric sinus surgery necessarily results in 
long-term improvement. The surgeon must deliber- 
ate carefully in deciding which few pediatric pa- 
tients are likely to have a high enough benefit-to- 
risk ratio to justify surgical intervention. 


DIAGNOSIS 


The first hurdle that must be overcome in select- 
ing potential surgical candidates is diagnosis. Chil- 
dren are relatively poor historians, and the signs 
and symptoms of pediatric sinusitis (cough, rhinor- 
rhea, lethargy, hoarseness, etc) are notoriously non- 
specific. Children have relatively shallow sinuses 
with relatively wide ostia, and are therefore less 
likely than adults to present with more specific signs 
and symptoms of pus under pressure. For the same 
reason, there is less likelihood that true chronic si- 
nus obstruction will develop, and thus that surgical 
procedures to increase drainage and ventilation will 
be of benefit. The point at which routine mucosal 
rhinosinusitis becomes refractory sinusitis that 
might benefit from mechanical drainage and venti- 
lation is extremely difficult to determine in chil- 
dren. 


Radiographic findings are also extremely nonspe- 
cific in the pediatric population. Several studies 
have demonstrated that mucosal thickening, by far 
the most common finding, is poorly associated with 
clinical sinusitis in children younger than age 6.1? 
In patients of any age, an air-fluid level strongly 
correlates with clinical disease, while clear sinuses 
correlate with absence of clinical disease.‘ 


Computed tomography (CT) is the diagnostic 
procedure of choice when surgery is contemplated, 
or when suppurative complications of sinusitis are 
suspected. Coronal views are preferred in order to 
demonstrate the anatomy from the surgeon’s per- 
spective; general anesthesia may be necessary to ob- 
tain such views in young children. Mucosal thicken- 
ing may indicate not clinical sinusitis but an ongo- 
ing or resolving upper respiratory tract infection 
(URI); it is an extremely common finding among 
pediatric patients without sinus symptoms who are 
undergoing CT for other reasons. As Wald et alë re- 
ported in 1981, radiographic findings must be cor- 
related with clinical signs and symptoms of sinusitis 
to have useful sensitivity and specificity, and there- 
fore do not in themselves constitute an indication 
for surgery. 


MEDICAL MANAGEMENT 
In most reported series of pediatric sinus surgery, 


_the indication is given as failure of medical manage- 


ment.” Unfortunately, there is no consensus re- 
garding the optimum length of treatment for acute 
sinusitis in children, although relapses are common 
with the usual 7- to 10-day course. 


In recurrent or refractory sinusitis, 3- to 4-week 
courses of broad-spectrum antibiotics effective 
against 6-lactamase-producing Hemophilus influ- 
enzae are indicated prior to consideration of sur- 
gery. If signs and symptoms resolve with antibiotic 
therapy, a once-a-day prophylactic antibiotic regi- 
men for another 6 weeks or so may be considered. 
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In addition, twice-daily nasal saline irrigations are 
useful as an efficient means of humidifying the nas- 
al mucosa. This has the added advantage of remov- 
ing secretions and crusts, and improving sinus 
drainage via mild vasoconstriction. 


Antihistamine decongestant preparations are use- 
ful for acute congestion. With long-term use, how- 
evez, they may lead to problems that result from 
mucosal drying and impairment of mucociliary de- 
fense mechanisms. There are no prospective studies 
demonstrating efficacy of these preparations for re- 
current or chronic sinusitis. Finally, since inhalant 
allergy is, after viral illness, the second most com- 
mon predisposing factor in pediatric sinusitis, aller- 
gy evaluation is indicated for any patient for whom 
surgery is being considered because of recurrent or 
refractory disease. Nasal steroid preparations such 
as beclomethasone dipropionate (Beconase, Vance- 
nase) are approved for children age 6 or older, and 
cromolyn sodium (Intal, Nasalcrom) may be used at 
younger ages. 


SURGICAL MANAGEMENT 


In adults, sinus surgery is indicated principally 
for two groups of patients: those with true chronic 
disease, ie, irreversible disease despite maximal 
medical care; and in cases of suppurative complica- 
tions, ie, when disease spreads beyond the confines 
of the sinuses to involve adjacent structures. In the 
pediatric population, a third category of patients 
may benefit from sinus surgery: those in whom si- 
nusitis aggravates serious underlying disease states 
such as asthma or cystic fibrosis. Surgery can re- 
move diseased tissue and improve sinus drainage 
and ventilation, but it cannot address underlying 
predisposing factors such as allergy. It should 
therefore be considered primarily as an adjunct to 
medical therapy. 


Pediatric sinus procedures can be divided into 
two groups: indirect measures to improve nasal and 
sinus function, and direct surgery on the sinuses 
themselves. Indirect measures include limited nasal 
septoplasty, used when an obvious obstruction ap- 
pears linked to persistent or recurrent ipsilateral 
disease; removal of foreign bodies; and polyp exci- 
sions. Tonsillectomy and adenoidectomy have long 
been anecdotally associated with improvement in 
nasal symptoms in young children, but prospective 
controlled trials are lacking. Takahashi et alè dem- 
onstrated statistically significant improvement in 
sinusitis in young children 6 months following ade- 
noidectomy, compared with no-surgery controls, 
using plain radiographs as the outcome measure- 
ment. The effect appeared to be unrelated to the 
size of the adenoidal tissue; removal of the tissue it- 
self was therefore felt to be secondary to removal of 
the adenoid as a source of chronic inflammation. 


Sinus Lavage. The least invasive and probably 
most common direct sinus procedure performed di- 


y 
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vage. “The recovery rate of seat sinus ' fluid 
with lavage is low in this population, and few stud- 
ies have addressed overall efficacy of the proce- 
dure.? Otten and Grote? divided 141 children with 
no comorbid disease and with chronic maxillary 
sinusitis documented by physician examination and 
radiography into four groups: placebo, amoxicillin 
plus decongestant, sinus lavage, as lavage plus an- 
in clinical or radiographic tse of sinusitis at 6 
months. The investigators concluded that uncom- 
plicated maxillary sinusitis in children is usually a 
self- limiting process, Sinus lavage requires general 
anesthesia in young children and is not without the 
potential for serious complications. Absolute indi- 
cations include rapid culturing and appropriate an- 
tibiotic selection for patients with serious immuno- 
deficiencies. 


Antrostomy. Nasal antral window procedures 
provide a more lasting means of maxillary sinus 
drainage and ventilation, but again, studies demon- 
strating efficacy are lacking. Inferior meatus an- 
trostomies tend to close quickly in children, perhaps 
because the natural mucociliary flow is via the mid- 
dle meatus. Middle meatus antrostomy is technical- 
ly challenging in young children because of the small 
distance between the lateral nasal wall and the or- 
bit. Also, antrostomy procedures do not address the 
anterior ethmoids, which are probably the most 
commonly diseased sinuses in both children and 
adults. In a retrospective review, Muntz and Lusk'® 
recently reported only a 27% “success” rate with 
nasal antral window procedures. 


Caldwell-Luc Procedures. Caldwell-Luc proce- 
dures are applied with decreasing frequency in the 
pediatric population. Unerupted teeth are at signif- 
icant risk with this approach, and stripping of all 
maxillary sinus mucosa in a child can result in per- 
manent sinus hypoplasia. There are probably a few 
instances in which maxillary sinus mucosa is truly 
irreversibly diseased in children, and therefore de- 
serving of total removal. Suspected maxillary sinus 
neoplasm is one instance in which a Caldwell-Luc 
procedure may be indicated. 


Endoscopic Surgery. With nasal respiration, the 
middle meatus and anterior ethmoid are the regions 
of maximum particle deposit. It is likely that this 
area bears the brunt of mucosal disorder with al- 
lergic, viral, and bacterial disease. That the middle 
meatus is the area of confluence of mucociliary 
drainage from all the sinuses results in the disrup- 
tion of mucociliary clearance, as demonstrated by 
Messerklinger.'! The fundamental concepts under- 
lying endoscopic sinus surgery are that patent ostia 
are the keys to sinus health via drainage and venti- 
lation, and that limited mucosal disease in the area 
of the anterior ethmoids and middle meatus can in- 
volve all the sinuses by blocking drainage and venti- 
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lation. Therefore, limited surgical opening of this 
area (usually an endoscopic anterior ethmoidec- 
tomy and middle meatus antrostomy) may allow 
diseased mucosa in all sinuses to return to normal by 
restoring normal sinus physiology.” 


Only in the last few years have endoscopic sinus 
surgeons in the United States ventured into the 
more restricted confines of the pediatric nose. This 
represents a natural broadening of the indications 
for sinus endoscopy, as surgeons become more fa- 
miliar and experienced with the necessary tech- 
niques. The few reported pediatric case series are 
optimistic, but follow-up has been short. There are 
no prospective controlled studies to guide the sur- 
geon regarding indications. Gross et al® retrospec- 
tively studied 57 children with “chronic” sinusitis 
who underwent endoscopic sinus surgery and re- 
ported generally good results, as determined by pa- 
rental questionnaire. Lusk and Muntz’ recently re- 
ported on 31 patients with a 71% 1-year success 
rate, also assessed by parental questionnaire. 


INDICATIONS FOR SURGERY 


There is no generally accepted definition of chron- 
ic or recurrent sinusitis as a surgical indication in 
children. The average child has six to eight viral 
URIs per year, and sinusitis is generally suspected 
when signs and symptoms persist beyond 10 days. 
Some authors have suggested the diagnosis of recur- 
rent sinusitis when a child has a history of three epi- 
sodes in 6 months or four in 1 year. The otolaryn- 
gologist, however, often sees a patient only after he 
or she has had multiple treatments with antibiotics 
and decongestants, and distinguishing separate epi- 
sodes can be difficult. 


True recurrent or chronic sinusitis implies ana- 
tomic obstruction of sinus ostia, a problem with a 
local mucociliary defense mechanism such as cystic 
fibrosis, or a systemic immune problem. Sinus sur- 
gery obviously can directly address only an anatom- 
ic cause, which is rarely the primary problem in 
children. Surgery also has the potential for greater 
risk in children than in adults because of a more re- 
stricted surgical field with greater proximity of ad- 
jacent structures such as orbit and brain. This fact, 
combined with the lack of any prospective studies 
demonstrating efficacy of surgery for routine 
“chronic” sinusitis, should severely limit indications 
for sinus surgery in the majority of otherwise healthy 
children with sinus and nasal symptoms. 


Suppurative Complications. The need for sinus 
surgery in children is not controversial when there 
is suppurative involvement of adjacent anatomic 
structures. Sphenoid and frontal sinusitis is, fortu- 
nately, unusual i in children, but such cases require 
extra attention-because of the greater propensity for 
infection to lead to meningitis, subdural or epidural 
empyema, or brain abscess. Symptomatic children 
with radiographic evidence of sphenoid disease re- 


fractory to antibiotics require sphenoid drainage. 
In any patient with frontal sinusitis who has fore- 
head tenderness or edema or with possible central 
nervous system symptoms such as lethargy, surgical 
drainage will be necessary if improvement does not 
occur within a short time with intravenous adminis- 
tration of antibiotics. In the case of suppurative or- 
bital disease, drainage of adjacent infected sinuses is 
indicated as an adjunct to primary abscess drain- 
age. 


Cystic Fibrosis, Asthma, and Immunodeficiencies. 
The three most common significant comorbid dis- 
eases associated with pediatric sinusitis are cystic fi- 
brosis, asthma, and immunodeficiency. Recurrent 
flare-ups of sinusitis in patients with these condi- 
tions often have a significant negative impact on 
overall health; the threshold for recommending ad- 
junctive sinus surgery is therefore lower. 


The reported incidence of nasal polyposis and 
sinusitis in cystic fibrosis patients varies from 5% to 
40%. The diagnosis should be considered in any 
child with unusually severe or recurrent sinusitis, 
even in the absence of nasal polyps. Cystic fibrosis 
patients with significant sinusitis and/or polyposis 
should first be managed medically, but they often 
eventually require surgery for best control of symp- 
toms, Parents often report deterioration in pulmo- 
nary status in conjunction with worsening nasal 
problems. This deterioration may be secondary to 
direct seeding of the lungs by infected sinus secre- 
tions or to the impact of loss of normal nasal func- 
tion on already compromised lungs. In the past, 
limited polypectomy was considered the procedure 
of choice in such cases, but recurrence rates were 
extremely high. There are indications that more ex- 
tensive surgery, including the involved ethmoid si- 
nuses, provides much better long-term results.’** 


Several authors have noted that asthma may be 
more severe and more difficult to contro] in the 
presence of chronic and recurrent sinusitis. Rachel- 
efsky et al'5 noted a strong correlation between reso- 
lution of sinus disease and ability to discontinue 
bronchodilator therapy in a group of 48 children 
with asthma and sinusitis. Friedman et al,** in a 
study of 7 children with difficult-to-control asthma 
and sinusitis, demonstrated improvement in pulmo- 
nary function tests with resolution of sinusitis in 5 
subjects. When evaluating patients with cystic fibro- 
sis and asthma, the surgeon must, of course, keep in 
mind that chronic pulmonary disease increases the 
likelihood of perioperative morbidity. 


Clinicians must consider the possibility of local or 
systemic problems with immune defenses in any 
child with chronic or recurrent sinusitis. The most 
common manifestation of primary immunodefi- 
ciency may be the propensity of young children to 
suffer from increased numbers of URIs because of 
normal delays in immunoglobulin (Ig) G subclass 
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maturation. Immunoglobulin G2 and IgG4, in par- 
ticular, play an important role in immune defense 
against polysaccharide-encapsulated bacteria such 
as Streptococcus pneumoniae and H influenzae,” 
and do not reach adult levels until late childhood. 
Thus, very young and otherwise healthy children 
with chronic rhinosinusitis are best managed medi- 
cally, to allow immune maturation to occur. 


Immune system evaluation is indicated in chil- 
dren with a history of other unusual or unusually se- 
vere recurrent infections such as pneumonia, or 
with recurrent rhinosinusitis showing no improve- 
ment after age 3, When levels of IgG subclasses are 
low or borderline-low for a child’s age, polysaccha- 
ride vaccine antibody response is indicated to deter- 
mine clinical relevancy.'® Children with sinusitis 
secondary to immune deficiencies, such as those of 
the IgA or IgG subclasses, are best managed medi- 
cally. However, sinus surgery may be a useful ad- 
junct to remove loculations of persistent disease in 
selected cases. 


The most common acquired immunodeficiencies 
associated with pediatric sinusitis include those in 
organ transplant patients, cancer patients, and pa- 
tients with acquired immunodeficiency syndrome. 
Renal transplant patients on steroid therapy in the 
first year after surgery are at greatest risk for in- 
vasive fungal sinusitis, with Aspergillus species the 


most common pathogen. Pediatric patients receiv- 
ing chemotherapy for lymphoreticular malignan- 
cies are also at high risk for fungal sinusitis. With 
invasive disease, appropriate surgery consists of 
wide excision of involved tissues; unfortunately, the 
sinus condition is rarely resolved if the underlying 
immunodeficiency cannot be reversed. Sinusitis in 
patients with acquired immunodeficiency syn- 
drome is usually treated medically; surgery may be 
indicated, however, when suppurative complica- 
tions exist or when aggressive medical treatment 
fails, 


SUMMARY 


Surprisingly little research has focused on the 
natural history of routine recurrent sinusitis in chil- 
dren. It appears, however, that the majority of pa- 
tients eventually outgrow the condition without sig- 
nificant morbidity along the way. Sinus surgery is 
indicated when the disease involves adjacent struc- 
tures such as the orbit, when disease significantly 
aggravates underlying health-threatening condi- 
tions such as asthma, and when definite areas of 
anatomic obstruction can be causally linked to dis- 
ease. True chronic disease is, by definition, less like- 
ly in younger children, and the risks of surgery are 
greater in this age group. Chronic rhinorrhea is, in 
itself, not a valid indication for pediatric sinus sur- 


gery. 
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MEDICAL AND SURGICAL MANAGEMENT OF SINUSITIS IN ADULTS 


WILLIAM J. RICHTSMEIER, MD, PHD 
BALTIMORE, MARYLAND 


Sinusitis may be caused by bacteria, viruses, or trauma and may appear in immunosuppressive settings. Acute sinusitis is most com- 
monly diagnosed on the basis of pain and discharge; endoscopic or fiberoptic examination may be helpful in less obvious cases. Radiogra- 
phy can identify maxillary, frontal, and sphenoid sinusitis; transillumination can be used if radiography is undesirable. Culture and Gram 
stains may help determine the appropriate antibiotic therapy. Surgery may be necessary if the frontal or sphenoid sinus is involved, or if 
ethmoiditis is progressing to orbital cellulitis. In chronic sinusitis, endoscopic examination and computed tomographic scanning are useful 
for diagnosis. Chronic sinusitis may be associated with airway disease, aspirin allergy, and such diseases as cystic fibrosis. Antibiotic ther- 
apy that acts against anaerobes and 6-lactamase—producing organisms should be chosen. Surgical treatment includes intranasal and exter- 


nal ethmoidectomy, antrostomy, and, on occasion, obliteration of the involved cavity. 


KEY WORDS — acute sinusitis, chronic sinusitis, endoscopy, ethmoidectomy. 


INTRODUCTION 


Treatment of the symptoms of sinusitis — diffi- 
cult to distinguish from those of the common cold 
and allergy, and thus often misinterpreted by the 
public — is responsible for a billion-dollar-per-year 
industry in pharmaceuticals and an enormous 
amount of time lost from work. While acute sinus- 
itis is relatively uncommon, chronic sinusitis is be- 
ing seen with increasing frequency, as clinicians be- 
come better able to diagnose chronic ethmoiditis 
with newer diagnostic and radiologic imaging pro- 
cedures. This paper summarizes current thinking 
about causes, diagnosis, and management of both 
acute and chronic sinusitis. 


ACUTE SINUSITIS 
ETIOLOGY 


Acute sinusitis may result from exposure to viru- 
lent organisms that an individual has not previously 
encountered, such as a new subtype of pneumococ- 
cus. Trauma, such as a direct penetrating injury or 
maxillary and ethmoid fractures, can obstruct the 
sinus and lead to an acute problem, particularly 
when blood within the sinus provides fertile ground 
for bacterial growth. Iatrogenic causes are another 
form of trauma; introduction of blood into the sinus 
through a transmaxillary approach to the pterygoid 
space or placement of nasogastric feeding tubes may 
obstruct sinus ostia, leading to acute sinusitis. Baro- 
sinusitis is a recognized acute cause of pain, but 
probably has an underlying chronic obstructive 
component. 


Occasionally, acute sinusitis is seen in a setting 
that is considered immunosuppressive; the edema- 
tous nasal mucosa that frequently occurs during 
pregnancy, for example, appears to compromise a 
rapid response to sinus infection. Even the changes 
in nasal mucociliary transport associated with an 


allergic response can be thought of as immunosup- 
pressive, since transport of the mucous blanket is an 
important part of first-line defense against infecting 
organisms. 


More commonly, viral infections that are clearly 
immunosuppressive, such as human immunodefi- 
ciency virus (HIV) infection, can give rise to acute 
sinusitis. Other, not so well-known viruses such as 
Epstein-Barr virus can also induce a prolonged im- 
munosuppressive state. In this case, the body’s nor- 
mal (and appropriate) response is to try to suppress 
B cell proliferation of the Epstein-Barr virus; unfor- 
tunately, in the process, normal responses con- 
trolled by the T cell system are also suppressed. 


Some individuals have anatomic conditions that 
predispose them to infections with minimal outside 
insult. Those with long infundibular tracts or ste- 
notic maxillary sinus ostia, for example, may be 
more likely to suffer from acute sinusitis. 


DIAGNOSIS 


The diagnosis of acute sinusitis is often readily 
made on the basis of a history of acute pain, puru- 
lent discharge, and, in many cases, fever. In severe 
cases, the patient will appear seriously ill. This is 
particularly true when involvement extends beyond 
the sinuses proper, as when orbital cellulitis or 
acute ethmoiditis accompanies sinusitis. 


Diagnosis in less obvious cases is facilitated by en- 
doscopic examination; small amounts of purulent 
material can often be seen emerging from the infun- 
dibulum, sphenoid ostia, or occasionally from an 
anterior direct frontal sinus. Subtle changes in col- 
or, thickness, and vascularity of the mucosa of the 
middle meatus can be readily appreciated, and 
purulent discharges can be identified and discretely 
sampled. Hoffman endoscopes, in particular, pro- 
duce a superior telescopic image. 
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Flexible fiberoptic scopes are an improvement 
over simple anterior rhinoscopy and are of great 
value to the clinician who does not have an endo- 
scope available. Fiberoptic scopes can be readily in- 
troduced into the middle meatus. By sliding the 
scope along the floor of the nose underneath the in- 
ferior turbinate and extending it superiorly into the 
sphenoethmoidal recess, the examiner can perform 
diagnostic maneuvers similar to those possible with 
lens endoscopes. Flexible scopes, however, do not 
provide the image clarity obtained with endo- 
scopes, and make it virtually impossible to perform 
discrete diagnostic sampling for cultures. 


Routine radiographic studies are often positive in 
cases of acute maxillary sinusitis, but may not be 
particularly helpful in isolated ethmoiditis. Acute 
frontal sinusitis and sphenoid sinusitis are also well 
visualized by routine radiographic studies, as an 
air-fluid level or complete opacification is easily 
recognized. Transillumination as part of a routine 
examination can be useful when repeated radio- 
graphic studies are undesirable (for example, in the 
treatment of acute sinusitis during pregnancy). In 
such cases, resolution of the sinusitis can be fol- 
lowed by transillumination if a clear difference be- 
tween the two sides can be observed, eliminating 
the need for follow-up radiographs. 


Acute sinusitis can be caused by either viral or 
bacterial infection; in mixed viral-bacterial sinus- 
itis, it is theorized, the viral component causes sinus 
obstruction that allows the pathogenic bacteria to 
grow.' An acute obstruction to air exchange may be 
needed to induce the significantly increased numbers 
of anaerobic organisms seen in maxillary sinusitis. 


TREATMENT 


Antibiotics. Acute sinusitis is poorly understood 
by the nonotolaryngologic community, and it is sur- 
prising how seldom antibiotics are used in its man- 
agement, since there are clear indications for anti- 
biotic use to relieve the discomfort that accompanies 
acute sinusitis. Cultures of recovered organisms and 
Gram stains can be helpful in determining appro- 
priate initial antibiotic therapy. For example, the 
appearance of diplococci in a Gram stain would 
suggest treatment with an agent such as penicillin. 
On the other hand, the presence of small gram-neg- 
ative rods might dictate use of a more broad-spec- 
trum antibiotic that would encompass treatment of 
B-lactamase-producing Hemophilus, particularly 
during a time when resistant Hemophilus has been 
found in the community. 


When a patient does not respond to therapy with 
a limited-spectrum antibiotic, coverage for both 
B-lactamase-producing Hemophilus and more un- 
usual organisms should be considered. Deconges- 
tants often help to open the middle meatus and 
relieve congestion, and may contribute to relief of 
pain. It should be remembered, however, that topi- 


cal decongestants may interfere with nasal cilia mo- 
tility, thereby inhibiting mucociliary transport. 


Surgery. Surgical treatment of uncomplicated 
acute sinusitis is not indicated unless the frontal or 
sphenoid sinus is involved. Maxillary and ethmoid 
sinusitis can usually be treated with antibiotics and 
decongestants. Many patients with acute maxillary 
sinusitis improve symptomatically with lavage. An 
approach via the inferior meatus rather than the ca- 
nine fossa is usually chosen, since pressure on the 
sinus associated with nose-blowing can move puru- 
lent material into the premolar space and contami- 
nate it. 


When ethmoiditis is thought to be progressing to 
orbital cellulitis, a decision for aggressive decom- 
pression must be made on the basis of symptoms and 
concern for the integrity of the eye. At Johns Hop- 
kins Hospital, we are usually surgically aggressive 
in this situation, as we have never seen visual im- 
provement in patients, even with surgical inter- 
vention, once they have progressed to loss of vision 
associated with orbital cellulitis. Since visual loss 
can occur rapidly, it is difficult simply to observe 
such patients for potential complications. Trans- 
nasal decompression of the sinus, especially with 
the use of an endoscope, is being used more often by 
those skilled in this maneuver. However, adequate 
decompression must be clearly obtained, and radio- 
graphic follow-up is generally required. The more 
traditional approach of external sinusotomy — par- 
ticularly in frontal sinusitis — is relatively safe and 
effective and should be considered when the response 
to medical therapy is slow. As implied earlier, exter- 
nal sinusotomies are rarely indicated for uncompli- 
cated acute maxillary or ethmoid sinusitis. 


CHRONIC SINUSITIS 


Acute sinusitis usually resolves within 3 weeks of 
onset. Some acute cases may persist longer before 
clearing up, but after 9 to 10 weeks the disease is 
unlikely to resolve as an acute process and can be 
labelled chronic. Because the extent of disease may 
be greater when this stage is reached, diagnosis and 
management of chronic sinusitis differs from that of 
acute sinusitis. 


DIAGNOSIS 


Research pioneered by Messerklinger,? Stammber- 
ger,”* and Kennedy and Zinreich’* in recent years has 
contributed enormously to our knowledge about the 
functional anatomy of the ethmoid ostiomeatal com- 
plex, and to our understanding of chronic sinusitis. 
As described by Proctor® and discussed by Ritter,’ 
pathogenesis of both maxillary and frontal sinusitis 
shows a central role of the anterior ethmoidal com- 
plex as well as of the ethmoid itself. 


Computed tomographic scanning of the sinuses, 
as described by Zinreich et al, has allowed docu- 
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mentation and clarification of areas of infection 
and strongly supports the use of endoscopic exami- 
nation. Computed tomographic scans also provide a 
tool with which the physician can explain to the pa- 
tient the functional anatomy of the area, the rela- 
tionship of anatomy to sinusitis symptoms, and the 
risks of surgery. As with acute sinusitis, the endo- 
scopic examination — particularly with the Hoff- 
man scope — is extremely useful. 


There are a number of diseases associated with 
chronic sinusitis. The most common conditions are 
reactive airway syndromes such as allergic rhinitis, 
but they can extend to the complex of severe poly- 
posis, aspirin allergy, and reactive airway disease. 
Other diseases, such as those that inhibit mucocil- 
iary transport (ie, cystic fibrosis or primary abnor- 
malities of ciliary motility), may be present. In pa- 
tients with recurrent acute infection, a screen for se- 
lective IgA deficiency or common variable immu- 
nodeficiency is indicated.'! Cultures obtained prior 
to treatment are extremely important, as many 
cases of chronic sinusitis are associated with organ- 
isms other than those familiar to physicians treating 
the acute form. 


Microbiology of the maxillary sinus in chronic 


Technique for bending plastic tubing to can- 
nulate sinus ostium. A) Tubing is inserted into 
barrel of sterile, large-bore, curved suction can- 
nula used for endoscopic surgery. B) After brief 
heat exposure (in hot bead sterilizer), plastic “re- 
members” shape of metal suction cannula. Dis- 
posable plastic cannula remains sterile through- 
out procedure. Choice of curve of metal cannu- 
lae and variation of plastic cannula’s angle of ro- 
tation to thumb vent on disposable aspirator al- 

low fabrication of disposable cannula unique to 
each patient's anatomy. 


disease shows a significant increase in the number of 
anaerobic organisms compared to that seen in the 
acute form.®!° While aerobes similar to those found 
in acute sinusitis are observed, there is a significant 
increase in Staphylococcus aureus infections, which 
are not usually seen in acute sinusitis. Microbiology 
of the ethmoid sinus is less well documented and 
presumably reflects that of the maxillary sinus. Cul- 
tures from HIV-positive patients do not vield organ- 
isms significantly different from those of non-HIV- 
infected patients." 


A culture and Gram stain are particularly impor- 
tant, since cultures of anaerobes can rarely be easily 
obtained in the office. Aspiration of purulent mate- 
rial and appropriate transport media help to ensure 
adequate culture to identify anaerobes. A Gram 
stain showing significant numbers of bacteria in the 
absence of routine aerobic growth would indicate 
anaerobic contamination. Modification of an ear 
suction with a secretion trap can be used specifical- 
ly to sample individual sinus ostia to obtain materi- 
al for culture and Gram stain under endoscopic 
control (see Figure 


TREATMENT 
Antibiotics and Topical Steroids. Because of the 
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microbiology described, antibiotics effective against 
a spectrum of anaerobes should be chosen for treat- 
ment of chronic sinusitis. While amoxicillin gives 
reasonably good coverage, addition of other antibi- 
otics such as metronidazole or, in refractory cases, 
clindamycin, may be particularly useful. Since met- 
ronidazole has virtually no aerobic coverage, it 
must be used in combination. with an antibiotic that 
provides such coverage, particularly of Pneumococ- 
cus and Hemophilus. Other antibiotics that have 
proven useful in combination, giving broad-spec- 
trum coverage for both unusual aerobic organisms 
and anaerobic bacteria, include erythromycin and 
sulfamethoxazole-trimethoprim. Medication supply- 
ing erythromycin in combination with sulfisoxazole 
is available only in pediatric preparations. The 
combination of amoxicillin and clavulanate potas- 
sium (Augmentin) is a broad-spectrum agent effec- 
tive against gram-negative and gram-positive bac- 
teria. It has the advantage of activity against 6-lac- 
tamase—producing organisms (eg, H influenzae and 
S aureus) as well as anaerobes. Cephalosporins that 
treat anaerobic infection and resistant Hemophilus 
may be useful both for penicillin-allergic patients 
and those who may be infected with Staphylococcus 
or penicillinase-producing Hemophilus. Cefurox- 
ime axetil, with its twice-daily dosing, has an ad- 
vantage over cefaclor, given three times a day, and 
has recently been proven efficacious in acute sinusi- 
tis. While antibiotics indicated for acute sinusitis 
are rarely also specifically approved for chronic 
sinusitis, the same principles of selection may be 
employed for both stages of the disease. 


Resolution of chronic sinusitis involves not only 
reversal of the acute pathogenic bacterial growth, 
but reestablishment of mucociliary transport and 
resolution of edema of the sinus ostia. It is therefore 
unlikely that a simple 7- to 10-day course of antibi- 
otics will be adequate, and a regimen of 3 to 4 
weeks seems reasonable. Such prolonged therapy 
may prove invaluable, particularly for patients 
with unusual surgical risks, or in those who have 
had multiple procedures. All patients on such thera- 
py, however, must be cautioned about the potential 
complications. Topical steroids may be particularly 
helpful if chronic edema accompanies sinusitis, or if 
allergic reactive airway disease is part of the under- 
lying problem. Occasionally, systemic immune treat- 
ment is indicated, particularly for patients with na- 
sal polyposis and allergy. Whenever possible, how- 
ever, topical steroid application should be employed. 


Surgery. The advent of routine radiographs to di- 
agnose chronic maxillary sinusitis in the early part 
of this century led to a focus on maxillary sinusitis as 
a discrete entity. Surgery on the sinus focused on the 
Caldwell-Luc procedure, which did not address 
normal drainage patterns for the maxillary sinus. 
The recent advent of functional endoscopic sinus sur- 
gery has rekindled interest in the sinus endoscope, 


which first emerged at the turn of the century.?*? 


Current surgical treatment of chronic sinusitis in- 
volves a number of approaches. Jt has been ob- 
served that sinuses that are aerated through inferior 
antrostomies still do not function normally; in the 
attempt to move mucus into normal ostia, the sinus 
continues to be obstructed in the ethmoidal ostio- 
meatal complex and cannot clear itself of disease. 
The patient therefore remains symptomatic. Simi- 
larly, simple trephination of the frontal sinus with- 
out removal of the obstruction in the frontal sinus 
recess, while helpful in relieving symptomatic pres- 
sure, seldom leads to prolonged improvement. 


Ethmoidectomy improves the aeration of the 
sinuses and, more important, promotes normal mu- 
cociliary transport from the maxillary and frontal 
sinuses and the ethmoid into the nose. At least three 
different methods can be used. Intranasal ethmoid- 
ectomy, performed with a headlight or microscope, 
will improve drainage of the sinuses in many indi- 
viduals; however, it does not provide the anatomic 
detail available with telescopes. Moreover, because 
of the inability to change the viewing angle, this 
procedure makes it virtually impossible to ade- 
quately dissect the frontal sinus recess. 


Intranasal endoscopic ethmoidectomy can result 
in long-term restoration of sinus function. It has the 
advantage of allowing dissection of the frontal sinus 
recess and anterior ethmoid; however, it requires 
follow-up cleaning of the sinus to ensure that scar 
and/or granulation tissue do not result in sinus ob- 
struction. The procedure is well tolerated under 
local anesthesia and allows an extra margin of safe- 
ty. With a conscious patient, pain generated by the 
skull base or orbit can often alert the surgeon to 
their proximity, and possible endangerment to these 
structures can be avoided. The primary limitation 
to endoscopic ethmoidectomy is bleeding, since vi- 
sualization of the discrete anatomy is essential. 
Techniques to minimize bleeding or to remove 
blood are particularly useful. There is no substitute 
for a coronal computed tomographic scan in appre- 
ciating the relationship between the skull base and 
superior ethmoid air cells. 


The external ethmoidectomy remains the stan- 
dard for relatively safe decompression of the ostio- 
meatal complex, since the orbit and skull base can 
be identified from external landmarks that remain 
visible during the procedure. The external ethmoid- 
ectomy primarily provides an advantage of safety to 
the orbit, as the periostium can be identified early 
in the procedure and followed back to the sphenoid 
itself if necessary. External ethmoidectomy is not as 
technically demanding as intranasal endoscopic 
ethmoidectomy, but makes it difficult to perform 
an adequate, frontal sinus recess, anterior ethmoid- 
ectomy because of the angle involved. Both ap- 
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proaches allow sphenoid sinusotomy as an extension 
of the procedure, and disease that extends to this si- 
nus can easily be treated. 


A simple endoscopic approach to the sphenoid 
sinus can usually be performed through the natural 
ostium itself when infection is limited to that area, 
but this is rarely the only sinus problem present. 


SUMMARY 


Successful management of both acute and chron- 
ic sinusitis requires an understanding of the micro- 
biology and functional anatomy of the ostiomeatal 
complex of the anterior ethmoid and of the relation- 


ships between the anterior and posterior ethmoid, 
as well as the ethmoid and sphenoid areas. Drain- 
age of the frontal sinus recess and maxillary ostia 
through the ethmoid highlights the significance of 
this anatomic area. Resolution of disease often leads 
to complete improvement of the patient. When iso- 
lated ethmoidal air cells remain obstructed or in- 
fected, the endoscopic approach can offer an ad- 
vantage by allowing discrete dissection of these cells 
and keeping them open postoperatively. Increased 
awareness of these aspects of sinusitis on the part of 
the entire medical community could result in in- 
creased opportunities for proper diagnosis, manage- 
ment, and resolution of disease. 
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ETIOLOGY AND MANAGEMENT OF PHARYNGITIS AND 
PHARYNGOTONSILLITIS IN CHILDREN: A CURRENT REVIEW 


JACK L., PARADISE, MD 
PITTSBURGH, PENNSYLVANIA 


Although viruses are the most common causes of childhood throat infections, interest in the etiology of these infections has primarily 
focused on whether an individual episode is caused by group A 6-hemolytic streptococcus (GABHS), particularly since the recent outbreaks 
of rheumatic fever in certain areas of the country. Penicillin remains the cornerstone of treatment in GABHS pharyngitis. Early treatment 
effects prompt clinical improvement and reduces the risk of transmission. Whether early treatment suppresses immunologic response and 
results in a higher recurrence rate than does delayed treatment is still unknown, but recent evidence suggests that it does not. The causes of 
persistent GABHS carriage, its clinical importance, and optimal methods of treatment are all still in question. When penicillin treatment 
does not eradicate carriage, other drugs may be efficacious. In children severely affected with recurrent throat infection, tonsillectomy is 


generally effective and is sometimes a desirable option. 


KEY WORDS — pharyngitis, pharyngotonsillitis, streptococcal carriage, throat infection, tonsillitis. 


ETIOLOGY 


After the common cold and otitis media, acute 
throat infection, ie, pharyngitis and/or tonsillitis, is 
the most common illness diagnosed by US pediatri- 
cians.’ The organisms that cause pharyngitis and 
pharyngotonsillitis episodes include not only viruses 
and bacteria, but also Mycoplasma, Toxoplasma, 
and Candida species. 


A number of bacterial pathogens in addition to 
group A 6-hemolytic streptococcus (GABHS) may 
cause pharyngitis. These include non-group A 6-he- 
molytic streptococci?*; Corynebacterium diphthe- 
riae, which fortunately is now rare in the United 
States; Corynebacterium hemolyticum, an organ- 
ism recently reported to cause pharyngitis — often 
associated with a scarlatiniform rash — primarily 
in older children and adults*’; Neisseria gonor- 
rhoeae, which may cause pharyngitis that is clin- 
ically indistinguishable from pharyngitis caused by 
other organisms®; and Chlamydia trachomatis, 
which causes pharyngitis primarily in young adults.’ 
Whether Streptococcus pneumoniae, Hemophilus 
influenzae, Staphylococcus aureus, or Neisseria 
meningitidis can cause pharyngitis is not clear.® 
Pharyngitis caused by C hemolyticum is easily con- 
fused clinically with scarlatina; since the former 
responds better to erythromycin than to penicillin, 
microbiologic differentiation is important. 


Pharyngitis, generally without distinguishing clin- 
ical features, also may be caused by a variety of re- 
spiratory viruses, including adenovirus, parainflu- 
enza virus, rhinovirus, herpes simplex, respiratory 
syncytial virus, Epstein-Barr virus, influenza virus, 
coxsackievirus A, coronavirus, and cytomegalovirus. 


Perhaps the best study of the etiology of pharyn- 


gitis as encountered in practice is that reported by 
McMillan et al.° Two groups of patients from a pri- 
vate pediatric practice in Camillus, NY — 320 chil- 
dren and adolescents with pharyngitis and 308 
asymptomatic controls — were studied from Janu- 
ary to April 1985. Cultures were obtained for respi- 
ratory viruses, GABHS, Mycoplasma pneumoniae, 
and C trachomatis. Viruses were isolated on throat 
culture from 16.3% of the cases, compared with 
only 3% of the controls, and GABHS was isolated 
from 40.7% of the cases, compared with 11.7% of 
the controls. Non-group A streptococci were dis- 
tributed among cases and controls about equally 
(2.5% versus 3.6%); the same was true of M pneu- 
moniae (15.8% versus 17.6%). Two or three sepa- 
rate organisms were isolated from 10.6% of the 
cases, compared with only 1.9% of the controls. 
Chlamydia trachomatis was not isolated from any 
of the subjects. None of the organisms sought were 
isolated from 39.7% of the cases and 70.1% of the 
controls, although it seems possible that viruses 
might have been present, but not successfully iso- 
lated, in some of the children in both groups. In 
summary, whereas there were substantial differ- 
ences overall between the flora in the two groups, 
there was enough overlap so that one could not infer 
from the throat culture alone whether an individual 
patient represented a case or a control. 


The remainder of this paper will be devoted to a 
discussion of three important pharyngitis-related 
topics: the diagnosis and management of GABHS 
pharyngitis, the streptococcal carrier state, and the 
use of tonsillectomy for recurrent throat infection. 


GABHS PHARYNGITIS 


DIAGNOSIS 
A number of clinical features are characteristic of 
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GABHS pharyngitis, including extreme throat dis- 
comfort, often accompanied by odynophagia; high 
fever; a scarlatiniform rash; pharyngeal exudate; 
petechiae on the soft palate; and tender anterior 
cervical lymphadenopathy. However, in atypical 
cases of GABHS pharyngitis none of these features 
may be present, and in non-GABHS pharyngitis any 
of them may be present. Streptococcal infection of 
the upper respiratory tract in infants and young 
children may be characterized by chronic rhinitis, 
accompanied by excoriation around the nares, cer- 
vical lymphadenopathy, and/or failure to thrive. 
This combination of findings has been termed strep- 
tococcosis. Symptoms and signs that should lead one 
to doubt the presence of GABHS infection, although 
none can rule it out, include acute coryza, hoarse- 
ness, and cough. 


Interest has recently been accorded so-called rap- 
id strep tests, which use one of a variety of methods 
of streptococcal antigen detection to indicate the 
presence of GABHS in the pharynx in a relatively 
short time. The test kits currently available com- 
mercially are of two types: those that employ the 
original latex agglutination test and those that 
employ the newer, solid-phase, enzyme immunoas- 
say test. The various test kits differ in a number of 
performance features and have recently been re- 
viewed critically by Radetsky et al.'° As a group, 
these tests are highly specific but variably sensitive; 
none is satisfactory for conclusively ruling out the 
presence of GABHS infection. Accordingly, a backup 
culture is needed for all negative tests. Of the two 
types of rapid strep tests, a consensus appears to be 
emerging that the immunoassay test is preferable. ** 


TREATMENT 


Early treatment of GABHS pharyngitis with an 
appropriate antimicrobial drug results in more rap- 
id clinical improvement than delayed treatment or 
no treatment.'*-* Treatment can prevent suppura- 
tive complications such as abscesses, cervical lymph 
node infections, and perhaps otitis media and sinus- 
itis, even though those conditions are usually caused 
by organisms other than GABHS. Most important, 
timely treatment with penicillin can prevent the 
development of rheumatic fever” and probably, in 
some instances, glomerulonephritis. 1° 


Treatment also may reduce the risk of recur- 
rence. Finally, timely treatment can prevent trans- 
mission to others, which also may help minimize the 
enhancement of GABHS virulence and, in turn, 
perhaps reduce the capacity of the organism to 
cause rheumatic fever.” 


Patient Selection. When a rapid strep test is posi- 
tive in a child with pharyngitis, the decision to insti- 
tute appropriate antimicrobial treatment is an easy 
one. However, if a rapid test is not available, or is 
negative, presence or absence of GABHS infection 
must be determined by a traditional culture. When 


the clinical features of an illness make it doubtful 
that the child has GABHS pharyngitis, one relies on 
the culture results to dictate treatment. However, 
when GABHS infection seems highly likely on the 
basis of presenting clinical features, one can follow 
any of a number of strategies with various costs, 
conveniences, and outcomes.?! My own preference 
under such circumstances is to obtain a culture and 
begin treatment with penicillin promptly. If the 
culture is positive for GABHS, treatment is, of 
course, continued. If the culture is negative for 
GABHS and the patient is not markedly improved, 
treatment is discontinued. If the culture is negative 
but the patient is much improved after having re- 
ceived treatment, the improvement may have been 
spontaneous, or on the other hand may indicate 
that the culture was falsely negative??? or that the 
infection was caused by a penicillin-sensitive organ- 
ism other than GABHS. Under such circumstances, 
given the relatively low risk and low cost of penicil- 
lin treatment, I prefer to continue treatment for a 
total of 10 days. 


Choice of Antimicrobial Drug. Indices of success 
or failure of treatment may be clinical, bacteriolog- 
ic, or both, but most attention in the literature is 
devoted to so-called bacteriologic failure: the per- 
sistence or prompt recurrence of GABHS in the 
pharynx after antimicrobial treatment, often with- 
out regard to the presence or absence of accom- 
panying symptoms. Various rates of bacteriologic 
failure following treatment with penicillin have 
been reported.**-6 


In an attempt to improve both bacterial and clin- 
ical cure rates, Chaudhary et al?” randomly assigned 
79 children with pharyngitis and a positive GABHS 
culture to receive either penicillin alone for 10 days 
or penicillin for 10 days with rifampin added dur- 
ing the last 4 days of treatment. At the first follow- 
up visit, 4 to 7 days after completing treatment, all 
of the 40 children in the penicillin-rifampin group 
were culture-negative and symptom-free, while 11 
of 39 children in the penicillin-only group were cul- 
ture-positive, and 8 of the 11 had symptoms of 
pharyngitis. All 8 responded clinically and bacterio- 
logically to subsequent treatment with penicillin 
plus rifampin, although the 3 who were culture- 
positive but clinically well remained culture-posi- 
tive after this retreatment. At the second follow-up 
visit, 18 to 30 days after the original course of treat- 
ment had been completed, 6 children who had been 
clinically and bacteriologically cured at the first fol- 
low-up visit — 1 in the penicillin-only group and 5 
in the penicillin-rifampin group — were again cul- 
ture-positive and symptomatic. 


Thus, while the addition of rifampin appeared to 
yield better early results, longer-term results were 
not strikingly better with the combined treatment 
than with penicillin alone. It is possible that results 
may have been confounded because of inequalities 
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between the two treatment groups in the number of 
children who had been GABHS carriers, since the 
report did not state whether children had been so 
identified. (The issue of carriage is discussed further 
on.) 


Instances of bacteriologic or clinical failure not- 
withstanding, no drug has proven superior to peni- 
cillin for the routine treatment of GABHS throat in- 
fection, and on the grounds of efficacy, safety, and 
cost, penicillin remains the drug of choice. Even in 
patients with bacteriologic failure, the GABHS iso- 
lates recovered have been found highly sensitive to 
penicillin in vitro.?* In children allergic or thought 
to be allergic to penicillin, erythromycin is prob- 
ably the best drug to use. Cephalosporins also might 
be used, although there is a chance of cross-reactivi- 
ty if the child is truly penicillin-allergic. Neither tet- 
racyclines nor the sulfonamides are satisfactory sub- 
stitutes for penicillin in treating GABHS infection.”® 


Route of Administration and Dosage of Penicil- 
lin. Penicillin may be administered in a variety of 
forms. In one form, benzathine penicillin G alone 
or in combination with procaine penicillin G is 
given in a single intramuscular dose, with dosage 
depending on the age and size of the child. A more 
common regimen is oral phenoxymethyl penicillin 
(penicillin V) administered three or four times daily 
for a 10-day period. 


The advantages of intramuscular administration 
are that one need not worry about compliance, and 
that treatment is completed in one simple step. Of 
the disadvantages, the most prominent is pain; ben- 
zathine penicillin is particularly irritating, with 
pain and tenderness remaining at the injection site 
for an extended period, even with the addition of 
procaine penicillin. There is also an increased risk 
of sensitizing the patient, especially with procaine 
penicillin. Finally, the risk of anaphylaxis is greater 
with intramuscular than with oral administration. 


Weighing these advantages and disadvantages, I 
conclude that oral treatment is preferable to intra- 
muscular treatment under most circumstances in 
the population of children I encounter. However, 
intramuscular treatment should be considered 1) if 
the patient is very ill, vomiting, or not able to toler- 
ate oral medication; 2) if compliance with an oral 
regimen seems doubtful, on the basis of assessment 
of family organization and resources; or 3) if the 
child has had frequent recurrence of GABHS epi- 
sodes despite seemingly adequate oral penicillin 
treatment. Finally, for a child with rheumatic heart 
disease, in whom it is essential to minimize the risk 
of persistent GABHS infection, intramuscular peni- 
cillin administration is probably prudent. 


The standard dosage regimen for oral penicillin V 


is 250 mg three or four times daily, regardless of - 


age. Twice-daily administration may or may not be 
effective,” but evidence suggests that 750 mg once 


daily is not satisfactory.” Neither is treating 
GABHS infection for fewer than 10 days.” Given 
the ever-present risk of inadequate compliance, I 
routinely recommend that penicillin be given four 
times daily, with the hope that parents will admin- 
ister the drug a minimum of two or three times 
daily over the 10-day period. 


Early Versus Delayed Treatment. An old issue of 
renewed concern is whether to start oral penicillin 
treatment immediately — a practice that may have 
become more common since the advent of the rapid 
strep test. The potential advantage of immediate 
treatment is more prompt clinical improvement. 
The disadvantage is that early treatment may in- 
terfere with the body’s natural immune response, 
heightening the likelihood of early recurrence. 


Pichichero et al’ reported a study in which clini- 
cal responses and rates of relapse and recurrence 
were compared in two groups of children with 
GABHS pharyngitis. One group, comprising 59 
children, received relatively immediate treatment 
with oral penicillin; in the other group, of 55 chil- 
dren, treatment was delayed for about 2 days. Re- 
lapse rates in the two groups were similar: 17% in 
the early-treatment group and 15% in the delayed- 
treatment group. Recurrence within 3 to 7 weeks 
was almost twice as high in the early-treatment 
group (24%) as in the delayed-treatment group 
(15%), but the difference was not statistically sig- 
nificant. On the other hand, recurrence from 8 
weeks to 20 weeks after initial infection was 14% in 
the early-treatment group, compared with 2% in 
the delayed-treatment group — a difference that 
was statistically significant (p= .04). The authors 
concluded that early treatment had indeed inter- 
fered with their subjects’ immune responses. De- 
spite the finding of more prompt clinical improve- 
ment in the subjects who received early treatment, 
they recommended that under most circumstances 
antibiotic treatment for GABHS pharyngitis be 
postponed for 48 hours.*” 


A primary limitation of this study is that serologic 
typing of the streptococcal organisms recovered was 
not performed, so that it is not known whether re- 
currences were due to the same organisms that caused 
the original episodes.” This limitation was addressed 
in a recent, similarly designed study by Gerber et 
al3* in which serotyping of all GABHS isolates was 
performed. In this study, no significant differences 
were found between the immediate-treatment group 
and the delayed-treatment group, whether in the 
proportion of subjects who had homologous GABHS 
serotypes isolated on follow-up, in the proportion 
who had heterologous serotypes isolated, or in the 
proportion whose positive cultures were associated 
with symptomatic episodes of pharyngitis. These 
findings cast considerable doubt on the possibility 
that immediate treatment has any clinically impor- 
tant adverse effect and support the advisability, for 
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the reasons noted earlier, of treating promptly once 
GABHS infection has been documented. 


STREPTOCOCCAL CARRIER STATE 
DEFINITION AND DIAGNOSIS 


The term streptococcal carrier has traditionally 
been applied to patients with either of two distinct 
clinical conditions: in the one case, the child does 
not have pharyngitis and is not ill, but has a positive 
throat culture for GABHS; in the other case, the 
child has pharyngitis and a positive culture, but 
does not develop a serologic response, and on that 
basis is not believed to have an actual streptococcal 
infection. It is important to know which of these two 
conditions is being referred to when the term strep- 
tococcal carrier is used. 


That the presence or absence of an antibody re- 
sponse may not effectively distinguish whether 
GABHS infection has actually occurred is suggested 
by the results of a study recently reported by Gerber 
et al.” In this study of a group of children with 
pharyngitis and positive cultures for GABHS, but 
with no rise in streptococcal antibody titers, the 
clinical response was much better in a subgroup 
who received penicillin than in a subgroup who re- 
ceived placebo. It thus appears that whether a child 
with pharyngitis and a positive GABHS culture tru- 
ly has a GABHS infection or is a GABHS carrier 
who happened to develop viral pharyngitis cannot 
be distinguished with certainty. 


Under these circumstances, and particularly be- 
cause of recent concern regarding resurgence of 
rheumatic fever,%*3” it would seem prudent to ad- 
minister a full course of appropriate antibiotic 
treatment to every child who has both pharyngitis 
and a positive culture for GABHS. 


Several recent reports have called attention to an 
apparent secular increase in rates of pharyngeal 
GABHS positivity persisting after a presumably ade- 
quate course of antimicrobial treatment for GABHS- 
associated pharyngitis.?*75?75539 One possible ex- 
planation is inadequate compliance: that children 
simply had not received penicillin in the recom- 
mended dosage for the full 10-day period. (Even the 
presence of penicillin in the urine would not con- 
firm adequate dosage.) Another possibility is that £- 
lactamase—producing organisms concurrently pres- 
ent in the pharynx had inactivated the administered 
penicillin. A third possible explanation is the devel- 
opment of bacterial resistance, but studies of that is- 
sue do not suggest that streptococcal resistance to 
penicillin is developing.*?” Finally, other, unknown 
factors, perhaps intrinsic to the host, may have been 
operative. 


ERADICATION OF ASYMPTOMATIC CARRIAGE 


A number of reasons might be advanced for erad- 
icating GABHS carriage. In children with recurrent 
episodes of GABHS-positive throat infection it 


sometimes remains uncertain whether episodes are 
due to GABHS infection or to viral infection super- 
imposed on the GABHS carrier state. The ease with 
which eradication can be accomplished and, when 
it is accomplished, the timing of GABHS reappear- 
ance relative to subsequent pharyngitis episodes 
may help differentiate GABHS-induced infection 
from non—GABHS-induced infection. 


It also is possible that eradicating GABHS car- 
riage may reduce rates of infection recurrence. Cer- 
tain studies“ have suggested that children who 
have recurrent GABHS throat infection and persis- 
tent GABHS carriage after recovery from individ- 
ual episodes might have fewer subsequent recur- 
rences if carriage could be eradicated. Validation or 
disproval of this hypothesis is important. 


Another reason to eradicate GABHS carriage 
might be to reduce spread of the organism to other 
individuals. Evidence suggests, however, that the 
risk of spread from carriers as compared with that 
from children with actual GABHS infection is 
low.* 


Finally, one might wish to eliminate asymptom- 
atic GABHS carriage in the hope of reducing the 
risk of rheumatic fever, since in recent outbreaks of 
rheumatic fever many children had no discernible 
sore throat symptoms.**3’? Again, however, avail- 
able evidence suggests that in GABHS carriers the 
risk of developing rheumatic fever is low.** 


It thus appears that eradication of GABHS car- 
riage might be desirable in two groups of children 
particularly — those with recurrent GABHS-posi- 
tive episodes of pharyngitis, and those who have a 
history of rheumatic fever or a family member with 
such a history — in the interest of minimizing not 
only risk but also anxiety. 


Three studies in which attempts were made to 


eliminate GABHS carriage by medical means have 
been reported. Tanz et al“ studied a group of chil- 
dren defined as carriers because 3 weeks after hav- 
ing received intramuscular benzathine penicillin — 
in some cases because of GABHS pharyngitis and in 
other cases because repeated throat cultures had been 
persistently GABHS-positive — they were asymp- 
tomatic but their throat cultures were still GABHS- 
positive. Subjects were randomly assigned to one of 
three groups: one group received no treatment, a 
second group received a second injection of benza- 
thine penicillin, and a third group received benza- 
thine penicillin with the addition of oral rifampin. 
Three to 5 weeks after treatment, GABHS eradica- 
tion rates were 23% , 30%, and 93%, respectively. 
The eradication rate in the third group remained 
high for up to 12 weeks. Combination therapy thus 
appeared to be a highly effective method for eradi- 
cating GABHS carriage, at least for a relatively 
short term. One must recall, however, that in a 
study referred to earlier involving children with 
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GABHS-positive pharyngitis, late results from using 
oral penicillin plus rifampin were less uniformly fa- 
vorable.?” 


In a second study, by Brook and Hirokawa, * sub- 
jects were children and young adults who were 
GABHS carriers and had histories of at least three 
documented episodes of GABHS throat infection 
during each of the 2 preceding years. They were 
randomly assigned to receive a 10-day course of 
penicillin, erythromycin, or clindamycin. Ten days 
after completing treatment, only 1 of 15 subjects in 
the clindamycin group, compared with 13 of 15 in 
the penicillin group and 9 of 15 in the erythromycin 
group, had a positive GABHS culture. At follow-up 
1 year later, only 1 episode of tonsillitis had oc- 
curred in the 15 subjects originally treated with 
clindamycin, compared with 27 episodes in 14 peni- 
cillin-treated subjects and 15 episodes in 14 erythro- 
mycin-treated subjects. It was not stated whether 
this final tally was based on inquiry at follow-up or 
on prospective monitoring. 


Most recently, Kaplan and Johnson“ studied 45 
children who were defined as pharyngeal GABHS 
carriers because after 10 days of treatment with 
penicillin V they had the same GABHS serotype as 
before treatment. The children were assigned alter- 
nately to receive either a second 10-day course of 
penicillin V or a 10-day course of amoxicillin—clavu- 
lanate potassium. Throat cultures remained GABHS- 
positive in 17 of the 24 children who had penicillin 
V retreatment. When those 17 were then treated 
with amoxicillin-clavulanate potassium, only 3 re- 
mained culture-positive. In contrast, of the 21 chil- 
dren assigned originally to receive amoxicillin—cla- 
vulanate potassium, only 2 remained GABHS-posi- 
tive after treatment. Both then received a second 
course of penicillin V and 1 of the 2 became culture- 
negative. It should be noted that considerably less 
dramatic results than with amoxicillin-clavulanate 
potassium had been previously obtained with di- 
cloxacillin in a similar study reported from the same 
laboratory.” 


One might infer that the promising effects in 
eradicating GABHS carriage seen with rifampin (in 
association with penicillin), clindamycin, and amox- 
icillin-clavulanate potassium are related to the 
shared ability of the drugs to eradicate normal pha- 
ryngeal flora that produce g-lactamase, thereby 
preventing inactivation of penicillin by this en- 
zyme. However, a recent study in children who had 
GABHS-positive pharyngitis but were not carriers 
suggests that bacteriologic treatment failure may be 
a function of factors other than the presence or ab- 
sence of ß-lactamase-producing organisms. *$ 


Reported studies have all been relatively short- 
term, and it is possible that all of these drugs suc- 
ceed in suppressing the carrier state only temporar- 
ily. Long-term studies would therefore be quite 


valuable. 


Follow-up Throat Cultures. A follow-up throat 
culture is unnecessary in a child with only sporadic 
episodes of GABHS pharyngitis who recovers un- 
eventfully with antimicrobial treatment, since a 
positive culture would not in itself constitute justifi- 
cation for further treatment and might serve as a 
source of unnecessary anxiety. 


On the other hand, with a second episode of 
GABHS pharyngitis within a 6-week period, a fol- 
low-up culture would be advisable 3 to 10 days af- 
ter treatment is completed. A positive culture 
would raise the possibility of treatment noncompli- 
ance, infection that had not been completely eradi- 
cated, or a child who was a GABHS carrier. Re- 
treatment with oral penicillin at twice the usual 
dosage or for twice the usual duration could be 
tried, or an injection of intramuscular benzathine 
penicillin might be appropriate. 


If a culture was again positive, an attempt to 
eradicate GABHS carriage using amoxicillin—clavu- 
lanate potassium, penicillin plus rifampin, or clin- 
damycin would be justified. 


TONSILLECTOMY 


When episodes of tonsillitis or pharyngotonsillitis 
have recurred with disturbing frequency, whether 
or not they have been due to GABHS, the option of 
tonsillectomy may be considered. This procedure 
has long been controversial, largely because evi- 
dence has been inadequate either for or against its 
success in children with various clinical presenta- 
tions. We are currently completing the third of 
three clinical trials examining the efficacy of tonsil- 
lectomy in children with recurrent throat infection. 
The first two trials were conducted in parallel and 
were identical in design except that assignment to 
surgical or control status was made randomly in one 
of the trials and according to parental preference in 
the other.” Criteria for entry were stringent: seven 
episodes of throat infection in 1 year, five in each of 
2 years, or three in each of 3 years, with various ad- 
ditional requirements relating to clinical features 
and documentation of these episodes. 


Of 187 children meeting our criteria, 91 were en- 
rolled in the randomized trial and 96 in the nonran- 
domized trial. In each trial, outcomes in the tonsil- 
lectomy group were consistently more favorable 
than in the control group over a 3-year period, par- 
ticularly with regard to moderate or severe episodes 
of throat infection. For example, in the randomized 
trial, of the children completing the first year of fol- 
low-up, 92% of tonsillectomy subjects had no mod- 
erate or severe episodes, compared with 34% of 
controls. One third of the children originally as- 
signed to control status were eventually withdrawn 
to receive tonsillectomy, but of those who were not, 
most had relatively mild courses of illness. Compli- 
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cations, all readily managed or self-limiting, devel- 
oped in 14% of the subjects who received tonsillec- 
tomy. 


We concluded that these results warranted the 
election of tonsillectomy for children meeting our 
eligibility criteria, but also provided support for 
nonsurgical management. Factors that might influ- 
ence a decision include the level of parental concern 
about the risk of rare, severe complications; par- 
ents’ and children’s wishes; family tolerance of ill- 
ness; the degree to which other family stresses are 
operative; the child’s school performance; accessi- 
bility and quality of health-care services, including 
anesthetic and surgical service and facilities; finan- 
cial considerations; and the child’s tolerance of anti- 
microbial drugs. 


These findings cannot properly be extrapolated to 
less severely affected children. Our third clinical 
trial, which examines the efficacy of tonsillectomy 
in children somewhat less severely affected with re- 
current throat infection than those in the first two 
trials, should help us arrive at recommendations for 
appropriate illness criteria to use in deciding be- 


tween surgical and nonsurgical management. 


ANTIMICROBIAL PROPHYLAXIS 


An alternative to tonsillectomy worth considering 
is antimicrobial prophylaxis. In patients with rheu- 
matic fever, this approach was long ago shown to be 
effective in preventing recurrent GABHS infection 
and, in turn, recurrent rheumatic episodes.*** 
There is little evidence, however, of the general ef- 
ficacy of prophylaxis in preventing recurrent throat 
infection in children. Two early, controlled, non- 
blinded trials found prophylaxis with penicillin ef- 
fective in reducing the recurrence rate of respira- 
tory illnesses of unspecified nature,*°*' and one 
double-blind, placebo-controlled crossover trial 
found a sulfonamide effective in reducing recur- 
rences of acute tonsillitis specifically.’ A later, sim- 
ilar trial with penicillin was not completed success- 
fully, but gave suggestively favorable results. 
Clearly, the efficacy of prophylaxis deserves further 
study. In the meantime, in the child with trouble- 
some recurrent throat infection, a trial of antimi- 
crobial prophylaxis would appear a worthwhile 
first strategy before contemplating tonsillectomy. 
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CURRENT INDICATIONS FOR TONSILLECTOMY 
AND ADENOIDECTOMY 


CHARLES D. BLUESTONE, MD 
PITTSBURGH, PENNSYLVANIA 


Tonsillectomy and adenoidectomy are currently the most common pediatric surgical procedures performed in the United States. Ton- 
sillectomy may be effective in recurrent acute throat infection (acute tonsillitis), chronic tonsillitis, tonsillar hypertrophy, and peritonsillar 
abscess. Antimicrobial therapy may also be beneficial. Clinical trials evaluating children with obstructive adenoids are currently being 
evaluated; anecdotal evidence points to improvement in development and quality of life after surgery. The efficacy of adenoidectomy in 
paranasal sinusitis has not been evaluated in clinical trials; antimicrobial therapy or the possibility of upper respiratory tract allergy should 
be considered in such cases. For acute otitis media, recommendations range from no treatment in cases that will abate with time, to anti- 
microbial prophylaxis, to myringotomy with tympanostomy tube insertion, adenoidectomy with or without tonsillectomy, or a combina- 
tion of adenoidectomy with myringotomy and/or tympanostomy tubes. The decision for or against otic and/or pharyngeal surgery should 


be individualized on the basis of severity, duration, and frequency of illness; previous treatment; and risk. 


KEY WORDS — adenoidectomy, myringotomy, otitis media, recurrent throat infection, tonsillectomy. 


INTRODUCTION 


An estimated quarter of a million tonsillectomies 
and adenoidectomies are performed annually in the 
United States.‘ The actual number is undoubtedly 
somewhat higher, since many of these procedures 
are done on an outpatient basis, and precise retriev- 
al of data is difficult. Although tonsillectomy and 
adenoidectomy are currently the most common ma- 
jor pediatric operations performed, their use has 
steadily declined during the past 20 years from an 
annual high of 1 million. This decrease has been at- 
tributed to many factors, not the least of which is 
the concern regarding a lack of convincing evidence 
from randomized clinical trials showing that the pro- 
cedures are effective in the management of either 
recurrent throat infection or otitis media (OM), two 
common conditions for which these operations are 
recommended. However, results of recent trials are 
now available to guide both clinicians and parents 
in deciding who might benefit from these proce- 
dures. 


In this paper I briefly describe assessment and 
management of the conditions for which tonsillec- 
tomy and/or adenoidectomy are frequently con- 
sidered, results of studies that show the success or 
failure of these procedures, and the criteria for 
surgery. I also give my recommendations regarding 
use of these procedures for indications that have not 
been adequately evaluated in clinical trials. Since 
myringotomy with or without tympanostomy tube 
insertion is frequently recommended as an alterna- 
tive or companion procedure to adenoidectomy for 
treatment of OM, I include a discussion of these 
procedures as well. 


TONSILLECTOMY 
DEFINITE INDICATIONS 


Awareness that there are definite, as opposed to 
elective, indications for tonsillectomy and ade- 
noidectomy has increased over the past two dec- 
ades.? Infants and children who have obstructive 
tonsils and/or adenoids that cause obstructive sleep 
apnea or cor pulmonale should have these struc- 
tures removed.*-’ For these indications, I prefer the 
term obstructive tonsils and adenoids, as opposed to 
hypertrophy, since the degree of obstruction is 
related to the size of these structures within the 
space and configuration of the pharynx of an in- 
dividual patient. In addition, the obstruction is fre- 
quently dynamic, in that its degree can change with 
body position and sleep; obstruction is usually most 
pronounced when the individual is recumbent and 
during sleep, when the tonsils can prolapse and the 
surrounding tissues of the pharynx are most com- 
pliant. 


Obstructive tonsils that are unresponsive to an- 
timicrobial therapy and that cause failure to thrive 
or progressive weight loss due to marked swallow- 
ing impairment should be removed. In addition, 
tonsillectomy is indicated for excisional biopsy for 
the relatively rare case in which malignancy of the 
tonsil is suspected, or for persistent or recurrent ton- 
sillar hemorrhage, either associated with acute 
pharyngotonsillitis or due to severe tonsillar hyper- 
trophy that is unresponsive to treatment of the un- 
derlying infection. Some authorities would add 
chronic fetor oris secondary to retention of debris 
within the tonsillar crypts to the list of definite indi- 
cations. However, I believe this tends more toward 


From the University of Pittsburgh School of Medicine and the Department of Pediatric Otolaryngology, Children’s Hospital of Pittsburgh, Pittsburgh, 


Pennsylvania. 


REPRINTS — Charles D. Bluestone, MD, Dept of Pediatric Otolaryngology, Children’s Hospital of Pittsburgh, One Children’s Place, 3705 Fifth Ave at 


DeSoto St, Pittsburgh, PA 15213. 


Bluestone, Tonsillectomy ¢¢ Adenoidectomy 59 


an elective indication, since most patients with this 
complaint, usually teenagers, can be treated by 
nonsurgical means. 


Assessment. Assessment of upper airway obstruc- 
tion due to obstructive tonsils and adenoids should 
include the following. 


1. A history should be taken of snoring, sleep 
pauses or apnea, mouth breathing, and daytime 
somnolence. 


2. Physical examination should include observa- 
tion for a lack of lip seal, mouth breathing, hypo- 
nasality, and distortion of speech, such as a hot po- 
tato voice. In extreme cases, evidence of congestive 
heart failure may be found. Examination of the in- 
tranasal cavity or postnasal space by either direct or 
indirect rhinoscopy may reveal nasal obstruction 
secondary to obstructive adenoids. A flexible fiber- 
optic endoscope may be helpful in evaluating the 
degree of obstruction. 


3. Radiographs may be desirable in the child 
who is difficult to examine. A lateral soft tissue 
x-ray film of the head and neck can be useful for 
documentation and to determine the degree of nasal 
obstruction due to obstructive adenoids. 


4. A formal sleep study may be indicated in 
children who have a history of sleep disturbance 
and whose parents are uncertain whether the child 
has sleep pauses or true sleep apnea. In most cases 
such a study is not feasible; as an alternative, 
parents can make a 5- to 10-minute audiotape of the 
child’s sleep on two consecutive nights.* The record- 
ing should reveal whether the child snores while 
sleeping and, if so, whether there are sleep pauses or 
apneic episodes. 


Development of cardiorespiratory complications 
in children with respiratory obstruction due to 
obstructive tonsils and/or adenoids may be related 
to susceptibility of the pulmonary vasculature, cra- 
niofacial malformation (such as occurs in Down’s 
syndrome), obesity (eg, Pickwickian syndrome), 
preexisting congenital heart disease, abnormal pha- 
ryngeal musculature, or concurrent upper respira- 
tory tract infection. 


Choice of Procedure. When a diagnosis of severe 
airway obstruction is confirmed and the patient has 
either sleep apnea or evidence of alveolar hypoven- 
tilation, with or without cor pulmonale, a combina- 
tion of tonsillectomy and adenoidectomy is usually 
indicated. On occasion, the adenoids may com- 
pletely obstruct the nasopharyngeal airway, but the 
tonsils may be relatively small. Conversely, the ton- 
sils may obstruct the airway in association with 
small adenoids. In such cases, either a tonsillectomy 
or adenoidectomy will suffice. Both the adenoids 
and tonsils are involved in most patients with air- 
way obstruction, however. The decision to perform 
only one procedure should be based on clear-cut 


TABLE 1. EFFICACY OF TONSILLECTOMY FOR 
PREVENTION OF RECURRENT THROAT INFECTION 


Episodes 
Follow-up Treatment No. of ___Per Subject 
Year Group Subjects Mean Range p* 
First Tonsillectomy 38 1.24 0-8 ‘at 
Control 35 309 010° ` 
Second Tonsillectomy 31 1.61 0-10 ] ait 
Control 99 266 07` ` 
Third Tonsillectomy 22 1.77 0-6 ‘se 
Control 20 2.20 0-6 


Modified from Paradise et al.'® 
NS — not significant. 
*y? test. 


evidence, and if there is any doubt whether the sec- 
ond procedure can be omitted, both tonsils and ade- 
noids should be removed. A great deal of informa- 
tion is available regarding the pathophysiology of 
upper respiratory tract obstruction secondary to 
obstructive tonsils and adenoids. More research is 
needed, however, especially in cases in which the 
signs and symptoms of severe airway obstruction 
are lacking. 


ELECTIVE INDICATIONS 


Since most tonsillectomies and adenoidectomies 
are recommended on an elective basis, it is impor- 
tant to know under which circumstances such a 
course is most appropriate. The most common con- 
ditions for which elective tonsillectomy is indicated 
are frequently recurrent acute throat infection 
(acute tonsillitis), chronic tonsillitis, obstructive 
tonsils, and peritonsillar abscess. Only the first of 
these, recurrent throat infection, has been studied 
in a randomized clinical trial. 


Recurrent Acute Throat Infection. In 1984, 
Paradise et al'° reported the results of a randomized 
clinical trial involving 187 children severely af- 
fected by recurrent throat infection. (See Etiology 
and Management of Pharyngitis and Pharyngoton- 
sillitis in Children, p 51.) Subjects were eligible only 
if episodes met strict criteria, including the number 
and frequency of episodes. Children with undocu- 
mented episodes were followed up to determine if 
they truly had tonsillitis; as had been reported earli- ` 
er by Paradise et al,'! many children did not have 
episodes of the frequency or severity described by 
their parents. 


In children randomly assigned to either surgery 
(tonsillectomy) or nonsurgery (control) groups, ton- 
sillectomy was shown effective in reducing the 
number of episodes of sore throat during the first 
and second years of follow-up, including episodes 
due to group A 6-hemolytic streptococcus (GABHS; 
Table 1*°). Third-year outcomes were also better in 
the surgical group, but the differences were not 
statistically significant. Similar outcomes were seen 
in children assigned to surgical or nonsurgical 
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groups nonrandomly, ie, according to their parents’ 
wishes. The investigators concluded that elective 
tonsillectomy is a reasonable alternative to medical 
treatment for cases of throat infection meeting the 
stringent criteria of the study. A clinical trial by 
Paradise et al of the efficacy of tonsillitis in less se- 
vere cases of throat infection has been completed 
and is presently being analyzed. 


There has been increasing interest in the microbi- 
ology of recurrent tonsillitis, and in whether bac- 
teria found in the core of the tonsils, aside from the 
presumed pathogen, are involved in the inflam- 
matory process. In a study by Kielmovitch et al,” 
polymicrobial organisms were found in the core of 
the tonsils of children with recurrent tonsillitis and 
also those who had obstructive tonsils. Prevalence 
of Streptococcus pyogenes as well as @-lacta- 
mase—producing aerobic and anaerobic organisms 
was noticeable in both groups. From this study we, 
as have others, speculated that the high number of S 
pyogenes organisms in the core of the tonsils could 
have resulted in a persistent streptococcal infection 
due to the passive pathogenicity of the other, 6-lac- 
tamase—producing, bacteria found in the core of the 
tonsils. These other bacteria may not be pathogen- 
ic, but since they can produce free B-lactamase, the 
therapeutic activity of penicillin may be impaired 
when S pyogenes is the causative organism. More 
recently, Brook and Foote’? reported that children 
who lacked signs and symptoms of airway obstruc- 
tion and acute or chronic infection also had polymi- 
crobial bacteria in the core of their tonsils, although 
the number of bacteria was less than that found in 
children who had had recurrent infection. 


Several investigators have speculated that recur- 
rent acute tonsillitis may be more effectively treated 
with a 6-lactamase~stable or 6-lactamase—inhibit- 
ing antimicrobial agent to eradicate an underlying 
streptococcal infection. To date, there is no con- 
vincing evidence to substantiate this idea. Brook 
and Hirokawa compared penicillin, erythromy- 
cin, and clindamycin in 45 patients with a history of 
recurrent GABHS infections. After a 1-year follow- 
up, there was less recurrent tonsillitis in the group 
treated with clindamycin than that treated with 
penicillin. (See Etiology and Management of Phar- 
yngitis and Pharyngotonsillitis in Children, p 51.) 


The decision for or against surgical intervention 
in patients with recurrent acute tonsillitis should be 
individualized. The outcome of the trial by Para- 
dise et al described earlier indicates that the clini- 
cian should assess the frequency, severity, and dura- 
tion of episodes, along with the patient’s disability, 
such as days lost from school. Documentation of 
episodes is imperative, as is determination of the 
presence of characteristic features such as tonsillar 
exudate, fever, cervical lymphadenopathy, cultures 
positive for GABHS, and failure of appropriate and 
adequate antimicrobial therapy. 


Chronic Tonsillitis, Obstructive Tonsils, and Peri- 
tonsillar Abscess. Many patients, usually teenagers 
and young adults, who have chronic throat infec- 
tion (which is thought to be due to chronic tonsilli- 
tis) frequently also have recurrent acute infection of 
the tonsils superimposed on the chronic condition. 
In these patients, management as described above 
probably is appropriate. Tonsillectomy may be of 
benefit, although there are no clinical trials of such 
cases to guide the physician in a decision for sur- 
gery. The physician should attempt to rule out oth- 
er causes such as paranasal sinusitis, upper respira- 
tory tract allergy, and chemical irritants (eg, smok- 
ing). If there is evidence of tonsillar infection but no 
cause has been found and treatment with penicillin 
has not been effective, a course of a 6-lacta- 
mase-stable or 6-lactamase-inhibiting antimicrobi- 
al agent might be considered, although the benefit 
of therapy with any antimicrobial agent remains to 
be proven. 


For patients who have obstructive tonsils with or 
without hypertrophy and without obstructive sleep 
apnea or cor pulmonale, the duration of the ob- 
struction should be long enough and sufficiently se- 
vere to warrant surgical intervention. Features such 
as snoring should be present. For patients whose 
obstruction is caused by hypertrophy of the tonsils, 
antimicrobial treatment may be tried in an effort to 
reduce the size of the tonsils and determine if there 
is subclinical infection. In the study by Kielmovitch 
et al’? cited previously, S pyogenes was found in 
about one fourth of patients who had obstructive 
tonsils and who had not been treated previously. 
Since 6-lactamase—producing organisms in the core 
of such tonsils may be involved in the pathologic 
process, a 8-lactamase-stable or B-lactamase—inhib- 
iting agent may be more effective for therapy than 
penicillin alone. Again, however, no evidence from 
clinical trials is available at present to support this 
method of treatment. 


Although peritonsillar abscess as an indication for 
tonsillectomy also has not been evaluated by pro- 
spective randomized clinical trial, a decision for or 
against tonsillectomy may be straightforward at the 
two extremes of the disease spectrum. For example, 
a teenager with no previous episodes of throat infec- 
tion and peritonsillar abscess who will allow inci- 
sion and drainage or needle aspiration can probably 
be successfully treated on an outpatient basis with 
topical or local anesthetic. Recurrence rates in these 
cases are relatively low. Some clinicians advocate 
interval tonsillectomy. On the other hand, when a 
peritonsillar abscess develops in a young child who 
has had frequent recurrences of acute tonsillitis dur- 
ing the preceding 1 or 2 years, incision and drainage 
using topical or local anesthesia is usually not feasi- 
ble. Incision and drainage or needle aspiration 
should be done in the operating room, at which 
time a tonsillectomy can be performed. For cases 
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Fig 1. Three-by-three table showing results of 

randomized clinical trials of most common sur- 

gical procedures for treatment or prevention of 

recurrent acute otitis media (AOM) and chronic 

otitis media with effusion (OME). Each block 

represents 1) surgery on ear or pharynx, 2) sur- No 
gery on both, or 3) no surgery. Direction of ar- 
rows indicates which surgical procedures were 
reported as being more effective than other pro- 
cedures or no surgery. Equal sign indicates that 
no significant differences were found between 
two procedures or combination of procedures. 
Question marks indicate lack of sufficient data. 
(Reproduced with permission from Bluestone 
CD. Indications for tonsillectomy, adenoidec- 
tomy and tympanostomy tube insertion: results 
of randomized clinical trials as applied to clini- 
cal practice. In: Myers EN, Bluestone CD, Tube 
Brackmann DE, Krause CJ, eds. Advances in 
otolaryngology—head and neck surgery. Vol 5. St 

Louis, Mo: Mosby Yearbook, 1991:201. 


Surgery on Ear(s) 


that fall between these two extremes, physicians 
must use their best judgment until we have clinical 
trials evaluating the risks and benefits of tonsillec- 
tomy for peritonsillar abscess. 


ADENOIDECTOMY WITH OR WITHOUT 
MYRINGOTOMY AND/OR TYMPANOSTOMY 
TUBE INSERTION 


ELECTIVE INDICATIONS 


Adenoidectomy is commonly recommended for 
four conditions: obstructive adenoids, recurrent or 
chronic adenoiditis, recurrent or chronic sinusitis, 
and prevention of recurrent or chronic OM. Of 
these, only recurrent or chronic OM has been eval- 
uated in randomized clinical trials. 


Obstructive Adenoids and Adenoiditis. At the 
Children’s Hospital of Pittsburgh, Paradise et al 
have conducted a randomized clinical trial eval- 
uating adenoidectomy for patients with obstructive 
adenoids. Although their results are not yet avail- 
able, one can speculate that for the child who has 
moderate to severe nasal obstruction secondary to 
obstructive adenoids, adenoidectomy should reduce 
morbidity, including mouth breathing, snoring, 
and hyponasality. In the absence of sleep apnea or 
alveolar hypoventilation resulting in cor pulmo- 
nale, however, the operation still remains of uncer- 
tain benefit. The question then becomes one of 
quality of life; improvement in the nasal airway, for 
example, has been shown to improve olfaction’* and 
may help prevent or reverse abnormalities of dento- 
facial morphology.” In addition, adenoidectomy 
may correct hyponasal speech caused by nasal ob- 
struction. Some clinicians and parents also believe 
that growth and development improves following 
relief of complete nasal obstruction in children with 
obstructive adenoids, possibly because of improved 
olfaction. 


Until the Pittsburgh study is fully evaluated and 
reported, the clinician assessing a child with lack of 
lip seal, hyponasality, and snoring at night due to 
moderate to severe nasal obstruction should deter- 
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mine the obstruction’s duration and severity and de- 
cide whether the child truly has nighttime respira- 
tory obstruction. As previously described, an audio- 
tape cen be used to document this, and a lateral soft 
tissue x-ray film of the head and neck can help de- 
termine the degree of adenoid obstruction. 


Little information is currently available about 
the epidemiology, natural history, and etiology of 
adenoicitis. However, a child with obstructive ade- 
noids — especially when they are hypertrophic — 
may have chronic adenoiditis, and a course of anti- 
microbial therapy may reduce the hypertrophy and 
degree of nasal obstruction. There are no studies at 
present, however, that support the routine use of 
such agents for chronic adenoiditis. 


Upper respiratory tract allergy may also cause 
obstructive adenoids, and this possibility should be 
investigated for a child with a history or signs and 
symptoms of upper respiratory tract allergy. It 
seems reasonable at this time to recommend ade- 


_noidectomy for children with moderate to severe 


nasal cbstruction that is due to adenoid infection 
and is unresponsive to medical management. 
Again, this is a quality-of-life issue. 


Paranasal Sinusitis. The benefit of adenoidec- 
tomy for children with frequently recurrent acute 
or chronic paranasal sinusitis remains uncertain; 
there have been no randomized clinical trials 
demonstrating that adenoidectomy is effective in 
reducing sinusitis morbidity. In a child with moder- 
ate to severe nasal obstruction secondary to obstruc- 
tive adenoids, however, surgery to improve the na- 
sal airway should be considered. As previously de- 
scribed, duration and severity of the obstruction 
should be assessed and clinical and radiographic 
evidence obtained. Antimicrobial therapy would be 
indicated in such: cases, since adenoiditis may be 
causing the obstruction. The possibility of upper re- 
spiratory tract allergy and treatment with systemic 
antihistamines, immunotherapy, allergy control, or 
topical nasal preparations should be considered. 
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Otitis Media. Otitis media is the most common 
diagnosis made by pediatric physicians. In a pro- 
spective study of 498 children followed from birth 
to 7 years of age, Teele et al'® found that the mean 
number of episodes of OM in the first year of life 
was 1.2, and that 17% of children had three or 
more episodes. For the following 6 years of life, 
about 75% had at least one episode. 


My management recommendations for acute OM 
and OM with effusion have been fully described 
elsewhere,'? but I present here a method for 
evaluating a child who may benefit from adenoid- 
ectomy in the management of OM. Since myringot- 
omy with or without tympanostomy tube insertion 
can also be recommended for OM, either alone or in 
conjunction with adenoidectomy, I include a ra- 
tionale for use of these procedures. 


In Fig 1,?°-?5 each of the nine blocks represents a 
treatment option. Randomized clinical trials by 
Gebhart”® and Gonzales et al?’ demonstrated that 
myringotomy with tympanostomy tube insertion 
was more effective than no surgery in preventing re- 
current acute OM in “otitis prone” infants. Figure 1 
shows the efficacy of tubes over no tubes. 


Antimicrobial prophylaxis is also effective against 
recurrent acute OM in this age group.?°?” The 
physician could recommend no prophylaxis if epi- 
sodes are not frequent, since episodes will probably 
abate naturally with age.’* If prevention is desir- 





Fig 2. Improvement rate of middle ear effusion af- 
ter adenoidectomy (A), tonsillectomy and adenoid- 
ectomy (TA), and no surgery (NIL). (Reproduced 
with permission.”*) 


able, a 6- to 8-week trial of an antimicrobial such as 
amoxicillin (20 mg/kg per day) is often effective, 
and then the prophylaxis can be continued for an- 
other 3 to 6 months, or until the next warm season. 
When such a trial fails, tympanostomy tubes can be 
inserted. For infants and young children who con- 
tinue to have recurrent episodes of acute OM de- 
spite tympanostomy tubes, manifested by otorrhea, 
a daily prophylactic dose of an antimicrobial agent 
is usually effective. 


In a study by Mandel et al”? of 109 children who 
had chronic middle ear effusion unresponsive to an- 
timicrobial therapy, myringotomy and tympanos- 
tomy tube insertion resulted in less OM and better 
hearing than myringotomy alone or no surgery. 
However, the tubes did cause otorrhea, and persis- 
tent perforation occurred in a few patients. The 
subjects in this study were followed up for 3 years, 
during which time 50% of subjects underwent one 
myringotomy and tympanostomy tube procedure. 
A second procedure was required in an additional 
30% , and a third procedure in the remaining 20%. 
Myringotomy provided no advantage over no sur- 
gery; both options had a high incidence of treat- 
ment failures. Figure 1 shows the efficacy of myrin- 
gotomy and tympanostomy tube insertion over 
myringotomy alone or no surgery. 


Adenoidectomy with or without tonsillectomy for 
prevention of OM has been evaluated over the past 
30 years,”*->! but only during the last few years have 


TABLE 2. EFFICACY OF VARIOUS TREATMENTS IN 578 CHILDREN WITH CHRONIC OTITIS MEDIA WITH EFFUSION 


Outcome During 2-Year Follow-up Myringotomy 
Time with effusion (%) 49.1 
Time with hearing loss >20 dB (%) 37.5 
Median time to first recurrence (d) 54 
Surgical retreatments (No.) 66 


Modified from Gates et al.?4 


Adenoidectomy, 
Myringotomy Adenoidectomy Myringotomy, 
and Tube and and Tube 
Insertion Myringotomy Insertion 
34.9 30.2 25.8 
30.4 22.0 22.4 
222 92 240 
36 17 17 
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TABLE 3. EFFICACY OF ADENOIDECTOMY FOR RECURRENT OTITIS MEDIA IN CHILDREN PREVIOUSLY TREATED 
WITH TYMPANOSTOMY TUBE PLACEMENT 


Mean No. of Proportion of Days 
Follow-up Treatment No. of Otitis Media Otitis Media 
Year Group Subjects Episodes p* Present p* 
First Adenoidectomy 48 1.06 15.0 
| 51 ] 04 
Control 38 1.45 28.5 
Second Adenoidectomy 45 1.09 17.8 
] 01 ] 005 
Control 27 1.67 28.4 
Modified from Paradise et al.?5 
*y? test. 


there been well-controlled randomized clinical 
trials. In one, Maw” studied 103 children from 
Bristol, England, all of whom had chronic middle 
ear effusion; unfortunately, the subjects were not 
given antimicrobial treatment prior to random as- 
signment. Maw showed that adenoidectomy was 
more effective than no surgery, and that tonsillec- 
tomy did not add substantially to the efficacy of 
adenoidectomy alone (Fig 2”). 


A subsequent study by Gates et al?* of 578 4- to 
8-year-old Texas children, all with chronic middle 
ear effusion unresponsive to antimicrobial therapy, 
showed that adenoidectomy and myringotomy with 
or without tympanostomy tube insertion was more 
effective than myringotomy alone with or without 
tube insertion. As in the Mandel study, myringot- 
omy had the poorest outcome of the various surgical 
options (Table 274). Gates et al concluded that ade- 
noidectomy and myringotomy should be recom- 
mended over adenoidectomy and myringotomy 
with tube insertion because of the high incidence of 
otorrhea in children with tubes. However, when 
OM recurred after adenoidectomy and myringot- 
omy, it occurred earlier when tube insertion had 
not been performed. 


More recently, Paradise et al conducted a ran- 
domized clinical trial of 99 children with previous 
tympanostomy tube insertion and recurrence of OM 
after spontaneous tube extrusion. For these at-risk 
children, adenoidectomy was effective over a 2-year 
period. The effect was greater for middle ear effu- 
sion than for recurrent acute OM (Table 35). 


Although recent randomized clinical trials pro- 
vide a great deal of information regarding surgical 
indications for OM, it must be remembered that 
these trials had specific entry criteria and many pa- 
tients were excluded. In everyday practice, deci- 
sions for or against surgical intervention should be 
individualized. Decision-making should include a 
number of considerations: 1) frequency, duration, 
and severity of OM (including degree of hearing 
loss); 2) whether appropriate and adequate medical 
management was provided; 3) patient age, since 
adenoidectomy and tonsillectomy present a some- 


what greater risk in infants; 4) anesthetic risk, since 
most physicians would not recommend surgery on 
the pharynx in such cases, unless respiratory tract 
obstruction is severe; 5) time of year, since in the 
summer an older child may want to swim and tym- 
panostomy tubes would be less desirable; 6) other 
indications for surgery on the ears or pharynx, such 
as deformity of the eardrum (eg, a deep retraction 
pocket) or sleep apnea due to obstructive tonsils or 
adenoids, making the decision for surgery more 
compelling; and 7) whether a patient is from a pop- 
ulation known for a high incidence of chronic ear 
disease (eg, cleft palate or Down’s syndrome) and 
may benefit more from timely tympanostomy tube 
insertion than from a wait-and-see attitude. 


CONCLUSION 


Despite a lack of complete information, the 
physician has enough evidence available to decide 
who is most likely to benefit from tonsillectomy and 
adenoidectomy. Indications are that tonsillectomy 
can benefit some children-with frequently recurring 
throat infection and that adenoidectomy can reduce 
morbidity from OM. 


Other trials yet to be conducted, concluded, or 
reported may yield answers to still-remaining ques- 
tions. There is a need to improve tne selection pro- 
cess for surgery when prevention of recurrent throat 
infection or OM is a goal. The effectiveness of ton- 
sillectomy in the presence of upper airway obstruc- 
tion should be tested in controlled, randomized 
trials. Tonsillectomy and adenoidectomy are known 
to be beneficial when sleep apnea and cor pul- 
monale are complications of upper airway obstruc- 
tion, but indications for surgery in less severely af- 
fected infants and children are less distinct. In addi- 
tion, randomized trials are needed to test the effec- 
tiveness of antimicrobial therapy as an alternative 
to surgical intervention for recurrent or chronic up- 
per respiratory tract obstruction due to infected 
tonsils and adenoids. Information from future trials 
should improve the decision-making process and in 
turn enhance the quality of health care for patients 
who suffer from recurrent or chronic throat infec- 
tion, upper airway obstruction, and OM. 
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EDITORIAL 
THE FUTURE: WHAT DOES IT HOLD? 


At this moment when the ANNALS celebrates its 100th anniversary, it is tempting to look in- 
tionalization of the ANNALS. It is a point of interest to note that the majority of papers in the 
December issue were from overseas, and stood the same scrutiny of peer review as domestic arti- 
cles. Authors in other countries are increasingly seeking a greater readership of their work in one 
of the world’s three premier otolaryngology journals, all of which are in America. Each has five 
to six times the subscribership of their own national journals. 


However, the fascination is greater to look outward, to our whole specialty, and to how it has 
so tumultuously changed in the past 30 years. 


When I was a resident in the 1950s my teacher-heroes were Albert Furstenberg, Howard and 
Bill House, Jerry Hilger, James Maxwell, and others, most of whom would do a mastoidectomy 
and submucous resection and hemilaryngectomy all in the same morning and not consider it un- 
usual. This otolaryngic universality is still common in private practice but has virtually disap- 
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into private practice will not perform what they were trained in and do it well. Indeed, thev do, 
from my vantage point in a midwest tertiary care center. 


Otolaryngology in the United States since its inception about 110 years ago has undergone 
three great eras and is now commencing its fourth. The first was in the early 1920s when a 
growing number of surgeon-physicians in this country went to Europe for a year of experience 
and training in ophthalmic and otologic surgery. The most frequented place was Vienna, 
Austria. When they returned they announced their practices were limited to those spheres, and 
thus the first medical specialty in this country was born. To be referred to “a specialist” at that 
time was to be sent to an EENT man. There were no other clinical specialties and no examining 
and certifying boards. The first board was Ophthalmology, and the second Otolaryngology a 
few years later, in 1926. 


The second era began slowly in the 1930s when academic departments of EENT began to 
split into Ophthalmology and Otolaryngology, beginning as far as I can tell at the University of 
Michigan and rapidly replicated across the country, 


Following this, in the 1940s the third era commenced with the emergence of the giants of 
American otolaryngology who made this country the font of the specialty beginning, I believe, 
gists today must honor are Mosher, Lierle, Furstenberg, Meltzer, Boies, Hilger, House, and 
Lempert, to name but a few. It was also in this era when there occurred two other major 
changes in the specialty. The first was the adoption of surgical authority in the whole head and 
neck (with the exception of the eyeball and brain), leading to the inclusive new name of our 
specialty. The second was the development of basic research laboratories throughout many of 
our departments and sections made possible by funds from the National Institutes of Health, 
enabling us to attract talented PhDs to apply their skills to our special problems such as deafness 
and cancer, and to train MDs in basic research. 


The fourth era of our specialty is that which we are just now entering. It is the age of wide 
subspecialization. This has developed because so many otolaryngologists have decided they 
simply cannot master all the intricacies of our whole specialty and have confined their practices 
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to one or more of its divisions. These are a) General Otolaryngology including basic otology, 
basic head and neck and cosmetic surgery, and rhinosinusology, b) Otology, Neurotology and 
Skull Base Surgery, c) Head and Neck Plastic and Reconstructive Surgery, d) Head and Neck 
Oncologic Surgery, and e) Pediatric Otolaryngology, the newest. Most of us will practice some 
mix of all these divisions of our specialty, but it is recognized universally that each is a firmly es- 
tablished discipline in our field. We wish to each of these divisions health, vigor, and prosperous 
research in this new era. 


The future does, indeed, look bright. 


- As a special feature of this anniversary the journal will print in most issues an “ANNALS 
CLASSIC” culled from one of our 100 past volumes, which is of historical and also clinical in- 
terest. The first is in this issue, written by Albert C. Furstenberg, MD, and colleagues, entitled 
‘““Méniére’s Symptom Complex: Medical Treatment.” It is a model to be emulated by young 
writers. Also notable is that it is the first presentation of the medical regimen, ie, a diuretic and 
low salt diet, which is the backbone of our treatment to this day — and it was written over a 
half century ago! 


Brian F. McCabe, MD 
Editor 


Ann Otol Rhinol Laryngol 101:1992 


ANNALS MEMORABILIA 
1892-1991 


INTRODUCTION 


Commencing with this issue, the ANNALS celebrates 100 years of publication. We have repro- 
duced in these pages our Prospectus, drafted by the journal’s founder, Dr James Pleasant Parker, 
and published with the first issue in January 1892. The ANNALS OF OPHTHALMOLOGY 
AND OTOLOGY was targeted originally at “busy progressive practitioners of medicine in the 
Western and Southern States,” general physician and specialist alike. It was located in Kansas 
City, Missouri, and published quarterly, with a subscription price of $2.00 per year. Dr Parker 
projected originally that each issue would contain 80 pages of material. As revealed in the first 
Table of Contents, the first issue was heavily devoted to ophthalmology. But journal space be- 
came increasingly precious as manuscript submissions from otology, laryngology, and rhinology 
grew rapidly in number. The size and scope of the journal became unwieldy. (Its explosive 


growth is well documented by our fourth Editor, Dr Arthur Proetz, in his 1941 essay in honor of 
' our golden anniversary, also reproduced here.) By as early as 1897, ophthalmology had disap- 


peared from the journal’s pages, and our current title, ANNALS OF OTOLOGY, RHINOLO- 
GY & LARYNGOLOGY, had been adopted, and the direction of the journal had been set. 


Only six individuals have held the office of the Editor of the ANNALS during the past 100 
years — a testament to the journal’s stability and enduring standards of consistency and quali- 
ty. The ownership of the journal continues with descendants of Dr Hanau W. Loeb, its second 
Editor: Mary G., William S., and Kenneth A. Cooper, Jr, of St Louis, It has been held by this 
family since 1924. 


Editorially, the journal is under the direction of Dr Brian F. McCabe, Professor and Head, 
Department of Otolaryngology~Head & Neck Surgery, University Hospitals and Clinics, Iowa 
City, Iowa. Dr McCabe assumed the Editorship in 1982 and continues to oversee the peer- 
review process and to determine editorial policy. Dr McCabe personally approves the contents 
of every issue, as has each Editor before him. The journal has expanded to accommodate three 
Associate Editors, currently Dr Charles D. Bluestone, Pittsburgh, Pennsylvania; Dr Lee A. 
Harker, Omaha, Nebraska; and Dr. Lawrence W. DeSanto, Scottsdale, Arizona. Other impor- 
tant features in the journal are handled by Dr Kenneth A. Dolan (Imaging Case Studies), 
Dr John G. Batsakis (Pathology Consultations), Dr Dennis A. Pappas (Book Reviews), and 
Dr Kevin T. Kavanagh (Computer Applications). 


Throughout 1992, the journal will feature carefully selected reproductions of landmark arti- 
cles that have appeared over the past 100 years, under the heading “ANNALS CLASSIC.” 


In his brief Editorial of January 1982, Dr Ben H. Senturia, our fifth Editor, summarized 
what he and the Cooper family considered to be the ANNALS’ prime objective for the future: 
“to produce one of the finest possible ear, nose and throat journals in the world.” This echoes 
the sentiments expressed by Dr Parker in his Editorial of 1893, and indeed our own outlook for 
our next century: “In the same spirit we now send forth the ANNALS to its thousands of readers, 
confident that future years will justify the resolve to make our periodical a worthy exponent of 
American medicine in its chosen special fields.” 


Michol L. Sheridan 
Managing Editor 
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PROSPECTUS 


ANNALS OF OPHTHALMOLOGY AND OTOLOGY. 
1992. 


Ir is believed by the Incorporators of the Association under the authority 
of which the ANNALS OF OPHTHALMOLOGY AND OTOLOGY is published, that 
with the recent great advances made in medical science and art, the time has 
come when the busy progressive practitioners of medicine in the Western 
and Southern States will give substantial support to a Periodical devoted 
to PRACTICAL OPHTHALMOLOGY AND OvroLoGy, including their allies, 
RHINOLOGY AND LARYNGOLOGY. 


The Annals is published with the following aims: 


1. To afford Specialists, with well-earned reputations, a medium for com- 
municating the results of their observation and research, and to disseminate 
meritorious contributions to the literature of OPHTHALMOLOGY, OTOLOGY, 


ARTICLES devoted to Medical Ophthalmology, Ophthalmoscopy, and the 
Pathological relations between the Eye, Ear, Nose, or Throat, and the general 
system. It is hoped that the interests of the General Surgeon and Physician, 


as well as of the Specialist, will alike be subserved by such a Journal. 


2. To furnish a brief condensed Report or ProGress in the four 
important departments of Medical Science mentioned, in which shall be 
recorded the most recent advances of real and permanent value and practical 
interest, from the current medical literature of the World. These reports will 
be written by specialists well qualified for the work. 


Each number of the ANNALS will contain about eighty pages, and will 
be issued quarterly. The yearly volume will thus contain about three hundred 


and twenty pages, fully indexed. 
The subscription price will be Two Dollars per annum, in advance. 


Address all communications to the editor, 


JAMES P. PARKER, M.D, 
S. E. Cor. 12th St. & Grand Ave,, 


Kansas Crry, Mo. 
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TO CONTRIBUTORS, 


TO CONTRIBUTORS. 


Communications are invited from all parts of the world. 

Authors who purpose favoring the ANNALS OF OPHTHALMO- 
Locy AND Oroxoey with contributions are requested to observe 
the following :— 

1. In accepting an article for publication under the head 
of ‘t ORIGINAL Communications ” it is done with the under- 
standing that it is to be contributed to the ANNALS eaclu- 
sively, and that ‘copies or abstracts of the same have not been 
and will zot be published in any other journal. 

2. Writing must be distinct and plain, and espectally all 
proper names. (If possible a manuscript should be type- 
written. ) 

It might appear presumptuous on the part of the youthful 
editor-in-chief to attempt to revise the work of his seniors, 
therefore all papers will be printed as written. 

3. Proofs will be furnished authors for correction and re- 
vision, but it is requested that alterations be limited to what 
is of essential importance, as changes in the copy are equi- 

ralent to resetting and cause additional expense and mucb 
annoyance. 

Authors should return corrected proof-sheets promptly. 

4. The Annas especially desires brief, mature, concise 
articles on practical subjects, as Its readers are busy practi- 
tioners who desire results, therefore the author who condenses 
expression enhances the value of his contribution and is re- 
warded by having it extensively read. 

5. Authors will recieve gratuitously twenty-five reprints 
of their articles, in pamphlet form, with good covers, hand- 
somely printed on the finest quality of book paper. Jf a 
greater number is desired they will be furnished at cost of 
press work, paper and binding. 

The Annas is published “four times a year: JANUARY, 
APRIL, JULY and OCTOBER, and all original articles should be 
ready to place in the hands of the printer sixty days before 
date of publication. 

Address all communications to 

Dr. James P. Parker, 
S. E. Cor. Garrison and Lucus avenues, 
St. Louis, Mo. 


A WORD TO THE READERS OF THE ANNALS. 


A WORD TO THE READERS OF THE ANNALS. 


We are not a little proud to congratulate both ourselves 
and our readers that the ANNALS or OPHTHALMOLOGY AND 
OvroLocy can no longer be considered an experiment. - 

To ourselves, indeed, there never was any doubt about it. 
but in the present undue multiplication of mefical journals it 
may have seemed to some as one of tne many ventures des- 
tined to be ephemeral. 

So great has been the sympathy of tne profession, and so 
tangible its evidences, that we can contidently base the con- 
viction of the permanency of the ANNavts upon the present 
subscription list, even if this list did not show an uninter- 
rupted daily growth. 

From all over our own country and from English-speaking 
peoples everywhere, there hus been a steadily increasing offer 
of words of praise, of scientifie contributions, and of sub- 
scriptions. 

Our readers know by experience that they have been little 
worried by the verbose and useless inflictions of editorial 
vanity and appeal. Instead of this we have trusted in the 
strength of facts, believing that to ‘do the deed and say 


naught about it’’ is the proper way to gain the confidence of 


discerning medical men. 

From the first we have relied upon no adventitious aids or 
outside business, to establish and maintain our position, but 
we have resolutely held fast to purely professional and scien- 
tific ideals and interests. 

In the same spirit we now send ‘orth the ANNALS to its 
thousands of readers, confident that future years will justify 
the resolve to make our periodical a worthy exponent of 
American medicine in its chosen special fields. 
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THE ANNALS: 1892-1941 
ARTHUR Proetz, M.D. 


St. Louis 


The history of the ANNALS OF OTOLOGY, RHINOLOGY 
AND LARYNGOLOGY is the history of otolaryngology reflected 
in a peculiarly relevant manner. From the beginning its articles 
appear to have been selected with conservatism and judgment, and 
there is little to be found in its pages that has to do with the visionary 
and the transient. 


This Journal first saw the light in January of 1892, and the 
place of its nativity is Kansas City. It first appeared as the Annals 
of Ophthalmology and Otology under the editorship of James 
Pleasant Parker, M.D., who received all communications and ‘$2.00 
per annum in advance,” at the southeast corner of Twelfth Street 
and Grand Avenue. 


According to the prospectus it was believed that “the time 
has come when the busy, progressive practitioners of medicine in 
the Western and Southern states will give substantial support to a 
Periodical devoted to Practical Ophthalmology and Otology, includ- 
ing their allies, Rhinology and Laryngology.” In those days ophthal- 
mology and otology flourished together, while rhinology and laryn- 
gology were often linked with diseases of the chest. It was not 
many years before the reputation of this modest Journal spread 
from the “Western and Southern states” to the wide world, which 
has continued to give it the hoped for “substantial support.” 


The first issue comprised 74 pages. The initial Board of Editors 
headed by Doctor Parker, then Secretary of the Kansas City Poly- 
clinic Post-Graduate Medical School, consisted of Doctor BE 
Fryer of Kansas City, Doctor Casey A. Wood and Doctor T. Melville 
Hardie of Chicago, and Doctor M. D. Lederman of New York City. 
The first editorial page announced that “original contributions are 
invited from all parts of the world. Those accepted, upon publica- 
tion, will be liberally paid for. Iż is to be understood that such 
articles are contributed exclusively to this Journal.” 


The first article was by D. B. St. John Roosa, M.D., LL.D., 
Professor of Diseases of the Eye and Ear, New York Post-Graduate 
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Medical School and Hospital—Surgeon to the Manhattan Eye and 
Ear Hospital, and was entitled “The Best Operation for the Extrac- 
tion of Cataract.” 


There were in this first number five articles directed to oto- 
laryngologists: 


“Excision of the Membrana Tympani and Necrotic Malleus 
in Four Cases of Chronic Suppurative Otitis Media.” By Charles H. 
Burnett, A.M. M.D. of Philadelphia. 
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“Deafness the Result of the Poison of Syphilis; Its Treatment 
by Muriate of Pilocarpine in Acute Syphilitic and Labyrinthine 
Disease of the Internal Ear; Also Its Use in Chronic Disease of the 
Ear with Labyrinthine Symptoms.” By Lawrence Turnbull, M.D. 
Ph. G. of Philadelphia. 


“Otacoustic Treatment in Chronic Deafness.” By J. A. 
Maloney, M.D. of Washington, D. C. 


“Traumatic Hemorrhage of the Tympanum Causing Deafness 
with Subsequent Restoration of Hearing with Report of Cases.” By 
S. MacCuen Smith, M.D. of Philadelphia. 


“The New and Simple Method to Lessen Reaction After the 
Use of the Galvano-Cautery for Nasal Hypertrophies.” By J. W. 
Gleitsmann, M.D. of New York. 


At the very beginning the tail appears to have begun wagging 
the dog. Pages 210 and 211 tell the story. On the one is printed 
“Special Notice—Removal. The ANNALS OF OPHTHALMOL- 
OGY AND OTOLOGY has been REMOVED from Kansas City 
to ST. LOUIS, MO... . Assurance is given that the ANNALS will 
continually be chosen by the leading Specialists on both sides of the 
Atlantic for the presentation of meritorious contributions.” Already 
the “Western and Southern states” were giving way to “both sides 
of the Atlantic,” and the price mounted to $3.00. We read no more 
offers to pay liberally for accepted material. 


The notice on the opposite page completes the picture: 








FOR SALE. 


OFFICE FURNITURE AND PRACTICE 
OF 
OCULIST AND AURIST. 
A RARE CHANCE FOR A GOOD MAN. 
For particulars, address 
“OCULIST,” 
Care Dr. James P. PARKER, 


Kansas City, Mo. 


At the end of the first year Parker wrote editorially “We 
are not a little proud to congratulate both ourselves and the readers 
that the Annals of Ophthalmology and Otology can no longer be 
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considered an experiment. ... Our readers know by experience that 
they have been little worried by the verbose and useless inflictions of 
editorial vanity and appeal. Instead of this we have trusted in the 
strength of facts, believing that to ‘do the deed and say naught of 
it’ is the proper way to gain the confidence of discerning medical 
men. 


“From the first we have relied upon no adventitious aids or 
outside business to establish and maintain our position, but we have 
resolutely held fast to purely professional and scientific ideals and 
interests.” 


But now things began to get really out of hand. The first vol- 
ume had 212 pages, the second doubled this as Parker moved to 
St. Louis. By Volume 4 there were some 640 pages. Defensively 
Parker wrote, “The number of good original papers offered to the 
Annals continues to increase. ... When two or more original articles 
upon the same subject are received, the shortest, most pithy and 
concise will take precedence.” But it was no good. Volume 5 (1896) 
showed up with 1380 pages. The publication was now split into 
four journals: The Annals of Ophthalmology, The Annals of 
Otology, The Annals of Neurology and the Annals of Rhinology 
and Laryngology. The whole was under the management of a 
staff of ten and the rhinology and laryngology fell to H. W. Loeb. 


1897 brought Volume 6, reduced once more to portability and 
bearing its present title, THE ANNALS OF OTOLOGY, RHIN- 
OLOGY AND LARYNGOLOGY. It was now published by a 
brother of the founder and edited by a board of seven. 


Among the contributors to Volume 1 we find Edward Jackson, 
then of Philadelphia, and Thomas J. Harris of New York, both 
still active in their specialties, still to be seen at meetings and 
both still taking a prominent part in the direction of educational 
thought. 


In Volume 6 (1897), the first under the new name, appear 
Thomas Hubbard and J. F. Barnhill, Hubbard wrote on a topic 
not entirely ignored by present writers: “Angio-Neurotic Edema 
and Certain Vaso-Motor and Trophic Disturbances of the Mucous 
Membrane of the Respiratory Tract.” In this volume there were 
only 25 original communications and hundreds of abstracts from 
the literature. Of the 25 original communications, 10 were case 
reports and descriptions of new instruments. There appeared also 
the Proceedings of the American Laryngological Association at 
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Washington, May 4, 5 and 6, 1897, the Proceedings of the American 
Laryngological, Rhinological and Otological Society, held in the 
same city, and the Proceedings of the French Otological Society, 
reported by J. Holinger, M.D. of Chicago. 


At the close of the century the subject matter under discussion 
differed not very materially from that which occupies the journals 
of the present time, with a few notable exceptions. One of these 
was diphtheria. The index to Volume 7 devotes a special section 
comprising 34 titles to the disease. In this volume there are also 
four accounts of foreign bodies impacted in the esophagus, three 
of them requiring esophagotomy for their removal. There is described 
an instrument consisting of “a twisted stem or rod joined to a 
flattened handle together about 15 inches long. One end of the rod 
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The first illustration, from Volume I. A portable bedside lamp. 


is bifurcated three inches, forming a closed loop. This loop is 
bent upon itself into two parallel loops an inch long and about 
half an inch apart, the part joining the parallel loops forming the 
beak of the instrument, which is placed at an angle of 45 degrees to 
the plane of the posterior parts of the loops and one-quarter of an 
inch from this plane. 


“The coin or similar shaped foreign body is caught by the beak, 
deflecting into the parallel loops, and upon withdrawing the instru- 
ment the coin is drawn up with it”. 


THE ANNALS: 1892-1941 


In 1900 there was an article on the use of the new suprarenal 
extract in the nose. Its preparation, chemical and physiological prop- 
erties were described and it was concluded that “the suprarenal ex- 
tract is a powerful astringent without objectionable properties”. 


A case of acute thyroiditis of rheumatic origin was described. 


The war between the external and internal sinus operators had 
already begun. Many an instrument was presented for the sewing, 
crushing and splinting of deflected septa and Doctor J. L. Goodale 
submitted some of the now endemic before-and-after photographs 
of patients with nasal deformities, but the most arresting title is 
undoubtedly “The Surgical Treatment of Otic Sclerosis by Doctor 
Ricardo Botey of Barcelona, translated by Albert Miller of St. Louis”. 
The approach was endaural and the decompression consisted in the 
“mobilization of the stirrup after cutting adhesions to the border of 
the fenestra ovalis”. Sometimes the stirrup was removed. Specimens 
and animal experiments were described. There are ten conclusions, 
the final one: “Since it is almost certain that otic sclerosis is a 
tropho-neurosis, with formation of connective and osseous tissue, 
principally in the labyrinthine capsule, round about the fenestra 
ovalis, in the cochlear canal and even in the helices of the cochlea, 
the neuro-epithelial terminations of the auditory nerve being more 
or less involved, surgical treatment of sclerosis of the ear is in nearly 
all cases useless”. 


1900 marked the accession to the editorship of Hanau W. Loeb 
of St. Louis, who was to retain the position until 1928 and to whom 
the ownership of the ANNALS finally passed. Through his guid- 
ance the Journal enjoyed a vigorous youth and a robust adolescence 
and his name became inseparably linked with it, so that it was known 
to most of his friends as ‘Loeb’s Journal’. 


To those who knew Doctor Loeb it was patent that the quality 
of the early volumes would be maintained or improved. He was 
always very jealous of the standing of his publication and chose his 
material with great care. 


While there is little in the early volumes which might be con- 
sidered obsolete at this time, there is a notable absence of certain 
topics with which we are now familiar. Radiology is rarely men- 
tioned and then only in connection with foreign bodies. There was 
no arsphenamine, no lipiodol and no vitamin. Allergy was met with 
only in its earlier guises of vasomotor rhinitis and asthma. 


Some famous names appear: Jonathan Wright on Empyema of 
the Sphenoid Sinus with Delirium, Johann Sendziak on Laryngeal 
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Disturbances in Tabes, Samuel Allen on Lupus, LaFayette Page on 
Disease of the Upper Air Passage Relative to Mental Development, 
Alexander Randall on the Recording of Ear Cases, Joseph Beck on 
Pharyngeal Hyperkeratosis and George W. Crile on Operations for 
Malignant Disease. 


Number 4 of Volume 11 (1902) contains the papers of the 
Sections of Laryngology and Otology of the British Medical Associ- 
ation with Gruenwald, Lack, Dundas Grant, Rohrer and Watson 
among the contributors. 


In 1902 a few half-tones began to appear of a quality not above 
criticism, but in the following year small sections of the book were 
printed on glazed paper and the illustrations improved. In those 
days, as today, it was the particular concern of the publisher to select 
long-lived paper for his journal and even the early numbers are still 
free from discoloration. 


While in the early volumes there are copious references to 
the transactions of the major special societies here and abroad there 
is none to an American otolaryngological journal prior to the 
Laryngoscope, which appeared in 1896. Presumably therefore the 
ANNALS was the first otolaryngological journal in America. 


Under Loeb’s aegis the ANNALS flourished and made many 
friends. Considerable numbers of its present subscribers have been 
on the rolls since the early days. 


In 1927 Doctor Loeb died. The distinguished contributors to 
the Memorial Issue published in his honor the following year tes- 
tify to the high regard which he and his journal enjoyed. 


With a deep sense of obligation both to Doctor Loeb and to 
American laryngology, the editorship was assumed by L. W. Dean 
and Arthur Proetz, although the ownership of the Journal continued 
in Doctor Loeb’s family where it remains today. 


To mark the fiftieth year in the life of the ANNALS and to 
express in a fitting and concrete manner their acknowledgment of 
the debt which it owes to its many friends and contributors, the 
present editors have prepared this Jubilee Volume. The cordial re- 
sponse with which their invitation to participate in it has been greeted 
by the distinguished otolaryngologists of the country justifies the 
high hopes which the editors aud managers hold for the future of 
the ANNALS. 
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A BRIEF HISTORY OF THE ANNALS 1892-1982 


The year 1982 marks two important milestones in the history of the Annals of Otology, Rhinology & Laryngology — 
Annals of Head and Neck Medicine and Surgery: it is the 90th anniversary of our founding and the occasion of the appoint- 
ment of our sixth editor, Dr. Brian F. McCabe. 


The Annals of Ophthalmology and Otology was the title under which the journal was first published in Kansas City, 
Missouri, by Dr. James P. Parker in January 1892. The first volume consisted of 212 pages and was widely acclaimed. The 
reputation of the journal spread rapidly and by 1896 the number of published papers had increased so much that the fifth 
volume contained 1,380 pages. It was evident that the size of the journal had gotten out of hand, and in 1896 it was an- 
nounced that the journal would be divided into the components of ophthalmology, neurology, otology, and rhinology and 
laryngology. 


The publication devoted to the ear, nose and throat appeared in 1897 as Volume Six, under the title Annals of Otology, 
Rhinology & Laryngology. This volume contained 528 pages including 25 original communications, almost half of which 
are case reports or descriptions of new instruments. Abstracts constituted a large part of the earlier volumes, as did society 
proceedings of the American Laryngological Association; the American Laryngological, Rhinological and Otological 
Association; the French Otological Society and the Section of Laryngology and Otology of the British Medical Association. 
However, the balance shifted rapidly and original communications soon became the primary feature of the journal. In 
1900, 34 papers were published along with the journal’s first photomicrographs. Five years later the lead article was il- 
lustrated with the first color page which consisted of four drawings of mucous membranes and glands. 


The name of Dr. Hanau W. Loeb appeared as a member of the Editorial Board from 1895 to 1899. In 1896 the demand 
for more rhinology and laryngology articles made it desirable to have a special editor in St. Louis, and Dr. Loeb assumed 
charge of these areas; later he purchased the journal and became its editor and publisher. A man of great intelligence and 
energy, Dr. Loeb helped organize the Marion Sims Medical College in St. Louis which later became the Medical Depart- 
ment of St. Louis University, was Head of its Department of Otolaryngology, and became Dean of the School of Medicine. 
He devoted great energy and fervor to improving the scientific standards of the journal and its reputation throughout the 
world. The Annals remained under Dr. Loeb’s direction until 1926. 


In 1927, Dr. L. W. Dean, Professor of Otolaryngology at Washington University School of Medicine, was appointed 
Editor-in-Chief; he immediately asked Dr. Arthur W. Proetz, one of his brilliant colleagues, to become his Associate 
Editor. After nine years of this arrangement, Dr. Dean named Dr. Proetz Coeditor and transferred to him major respon- 


sibility for the journal. Upon Dr. Dean’s death in 1943, Dr. Proetz became Editor and continued in this capacity for 23 
years. 


Dr. Arthur Proetz was a brilliant scientist and an outstanding clinician and administrator; he was also a man of many in- 
terests and accomplishments which included photography, art, music and drama. It was no wonder that under his direc- 
tion, the Annals grew progressively in scientific and editorial quality to become one of the outstanding otolaryngologic 
journals in the world. 


It was my privilege to serve as Associate Editor under Dr. Proetz for eight years before assuming the editorship in 1966. 
As Clinical Professor of Otolaryngology at Washington University School of Medicine and Director of the Department of 
Otolaryngology at The Jewish Hospital of St. Louis, I was fortunate to know many authors whose research and clinical 
studies were important contributions to the Annals. During these past 15 years, the Annals has striven to maintain the 
highest standards, while aspiring at the same time to creative and thoughtful innovation. The changes to a bimonthly and 
to the larger journal format as well as the supplement program were enthusiastically received everywhere. In 1980, as part 
of a national trend to make journal titles reflect the more comprehensive nature of our specialty, the name of the journal 
was expanded to the Annals of Otology, Rhinology & Laryngology — Annals of Head and Neck Medicine and Surgery. 


The Annals has become a fully international journal, with authors and subscribers in every part of the world. In terms of 
content, it clearly reflects the evolution and expansion which have characterized science, medicine and otolaryngology in 
this century. In 1981 the Annals published 143 papers and 11 supplements, and the journal is richly illustrated not only 


with color — 7 full pages — but also with a broad range of figures representing the most sophisticated technology of both 
medical science and the printer’s art. 


In 1982, on our 90th anniversary, we are very fortunate to have Dr. Brian F. McCabe, Head of the Department of Oto- 
laryngology at the University of Iowa School of Medicine, assume the editorship of the Annals. Dr. McCabe is widely 
known for his many clinical, research and academic achievements. Under his direction, we look forward to progressive 
growth and the maintenance of continued high scientific and editorial standards. 


Despite the inroads of inflation and high costs, the grandchildren and great-grandchildren of Dr. Loeb, who are the pres- 
ent publishers of the Annals, have informed Dr. McCabe that it is their desire that we continue to produce one of the finest 
possible ear, nose and throat journals in the world. It will be the prime objective of the editors and the editorial staff to 
fulfill this request. 


Ben H. Senturia, MD 
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This article originally appeared in December 1934, Volume 43, No. 4, pages 1035-1046, 


and is reproduced here in its entirety. 


MENIBRE’S SYMPTOM COMPLEX: MEDICAL TREATMENT.* 


A. C. FURSTENBERG, M. D., 
F. H. LasuMet, M. D., 


FRANK LATHROP. 


ANN ARBOR. 


Since the classical description of Méniére’s disease was given to 
medical science in 1861, much speculation has occurred and many 
pertinent recommendations have been made, referable to the treat- 
ment of this symptom complex. For many years the therapeutic 
management of this malady has been a controversial matter and one 
in which a confusing number of remedies have been offered, based 
chiefly upon the hope that they might in some manner influence some 
of the many hypothetical, pathologic changes which are assumed to 
eXist. 

The sum total of these endeavors has been of little value to the 
patient and the causes of failure are clearly those of trial and error. 
Assuming, for example, that an increased secretion of cerebrospinal 
fluid is responsible for pressure upon the eighth nerve, the lumbar 
puncture is advocated. Or, considering the pathogenesis associated 
with the sympathetic and parasympathetic nervous systems, such drugs 
as pilocarpin, atropin and adrenalin are administered because of some 
pharmacologic action upon nervous tissue. Recent studies in the field 
of endocrinology which suggest a possible relationship between a 
glandular dysfunction and epilepsy, the latter seeming to be akin 
to Méniére’s disease, have occasioned an investigation of the patient’s 
calcium metabolism and prompted the use of thyroid, parathyroid 
and pituitary substances. Quinin, for its specific effect upon the 
auditory nerve, potassium iodid, for its empirical values, bacterins and 
vaccines for what they may be worth, and finally, the application of 
a seton to the nape of the neck, are the remaining therapeutic meas- 
ures available for trial. 


Theoretically, some appear to have merit. We do not doubt the 
value of lumbar puncture in certain cases of vertigo. The effect of 


*Presented before the annual meeting of the American Otological Society, 
Atlantic City, June 7, 1934. 
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free catharsis and pilocarpin sweats has properly given rise to much 
enthusiasm in others. These measures, conceived in good faith, have 
been promoted by an honest conviction that they have cured certain 
individuals of an intractable vertigo and that they are capable of 
doing the same for others. Yet who has not applied this large 
group of therapeutic possibilities only to end with a feeling of futility 
and a sense of despair. The lack of sustained practicability of medical 
therapy is constantly in evidence and, lest our claims appear pre- 
sumptuous, may I add that the conclusions derived from our own 
studies are probably no exception to this fact. 


There are other obvious reasons for the bewildered and futile 
state of medical therapy in Méniére’s symptom complex. Consider, 
for example, the enormous variety of vertigo syndromes to which 
medical treatment has been applied. The tendency to create a disease 
entity by grouping a number of cases having one symptom in com- 
mon is one of the temptations of medical practice. Vertigo lends 
itself admirably to this evil. Every conceivable form of dizziness 
appears to have been classified as a disease and treated as such. Failure 
to designate disease entities properly and apply well directed treat- 
ment has made a correlation of results impossible. There exists, there- 
fore, no uniformity of opinion in respect to the merits of the in- 
numerable therapeutic measures which have been employed. 


The point of the foregoing is that many otologists have made 
their own classification of Méniére’s symptom complex. They have 
done so whimsically and without consideration of the scientific facts 
upon which a clinical entity is developed. It has been a term loosely 
applied and much abused. So much has this been true that many 
authors have urged the abandoning of the personal reference and the 
acceptance of a more precise nomenclature. No matter what justifica- 
tion may exist for such a change, it remains a fact, nevertheless, that 
the great French clinician described a syndrome definitely related to 
the acoustic nerve and one which has borne his name for nearly three- 
quarters of a century. I strongly suspect that future generations of 
our profession will continue to accord it this personal reference. 


Consider the syndrome which is typically Méniére’s symptom 
complex: It embodies well defined clinical manifestations which have 
been exhaustively treated in our medical literature and are well known 
to every student of otology. A simple glossary will suffice to enu- 
merate and place on record the symptoms which characterized the 
disease as it was treated in the following studies: A violent attack 
of vertigo in a patient with deafness; occasionally impaired cochlear 
function on both sides, but more profound in the ear to which the 
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symptoms are referred; nausea, vomiting and spontaneous nystagmus 
in the severe seizures; persistent tinnitus—often bilateral—increased 
during the paroxysm; vestibular tests of little significance—usually 
within the limits of normal; a pathetic picture of total disability in 
an individual suffering from a vertigenous attack, or living in the 
terror of an impending one. 


The pathological changes responsible for the capricious symp- 
toms of this syndrome still remain a mystery. They have been the 
subject of numerous studies, varying from conscientious research in 
the pathological physiology of the auditory mechanism to skillful 
adaptations of morbid processes to meet the clinical needs. They com- 
prise voluminous works in our medical literature, quotations from 
which at this time would merely constitute a repetition of medical 
history. Suffice to say for those who hold that the pathological 
changes are in the internal ear, that statistical evidence indicates that 
the destruction of the otic labyrinth in a few cases has not been fol- 
lowed by relief of symptoms. To those who prefer the theory of morbid 
changes to the auditory nerve, I might add that microscopic exami- 
nation of sections from the acoustic nerve in eleven cases failed to 
demonstrate pathologic alterations in the tissue submitted for study. 
In nine of the cases, relief immediately followed section of the nerve. 
In two of the cases the symptoms are still present after periods of 
two and four years. Dr. Konstantin Lowenberg, pathologist in our 
Psychopathic Department, in a recent study of autopsy material from 
a fatal case of tumor of the acoustic nerve, has made an extraordinary 
observation in the discovery of a normal nucleus in the presence of 
a completely degenerated auditory nerve. This amazing phenomenon, 
if sustained by further studies, would suggest an innervation of the 
nucleus from the opposite side and offer another site in the auditory 
system where the influences of pathologic changes might be felt. 
Obviously a nuclear lesion under such conditions would not be affect- 
ed by section of the auditory nerve, and herein may lie a possible 
explanation for the failure, in rare instances, to obtain immediate 
and complete relief following severance of the acoustic nerve. 


It is doubtful, therefore, if the clinical manifestations of 
Méniére’s symptom complex can be definitely ascribed to any isolated 
part of the auditory tract. Rather is it more accurately assumed, per- 
haps, that any or all of its constituents may participate in the changes 
which give rise to a typical attack. There is some proof for this 
assumption in the observations already recorded, while the conclusions 


derived from our own studies do not tend to detract from this 
belief. 
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The theory which gave rise to the following investigation was 
first suggested to me by Dr. Samuel Kopetzky. To him, I gratefully 
accord full credit for the inspiration which led me into a most fas- 
cinating study. In September, 1933, he asked me the following ques- 
tions: “What class of individuals have vertigo? Why are dizzy 
attacks frequently seen in patients with cardio-vascular-renal dis- 
ease?” “The answer,” he continued, “lies in some disturbance in the 
metabolism of water which gives rise, perhaps, to a water-logged 
condition of the static labyrinth. Why don’t you study water balance 
in these patients?” 


In acting upon Dr. Kopetzky’s suggestion, I reviewed the 
medical literature for all available references on the subject. The 
only technical studies of interest were those of Dida Dederding of 
Copenhagen,’ in 1929 and 1931, in which she advanced the idea 
that the symptoms in Méniére’s disease were due to a disturbed 
metabolism of water. 


She observed that patients were more likely to have an exacerba- 
tion of symptoms, when there was evidence of retention of body 
water. Furthermore, these patients were improved when they elimi- 
nated a large amount of water, as by profuse perspiration (pilocar- 
pin) or polyuria (diuretics, chiefly salyrgan). She investigated this 
question by comparing the intake of fluid with the amount of urine 
excreted, and correlating the difference between them with changes 
in body weight. From the data so obtained she concluded that the 
symptoms of Méniére’s disease were due to “an accumulation of water 
in the body,” and that this fluid was probably “extra-cellular edema.” 
From the data submitted there is no doubt that some justification 
for these conclusions exists, but there are certain aspects of this inves- 
tigation which prevent complete acceptance of the explanation 


offered by Dederding. 


First, edema, or the “accumulation of water in the body,” is 
not water alone, but a solution of electrolytes, chiefly sodium salts, 
and water. Both of these substances, salts and water, are so depend- 
ent upon each other in maintaining isotonicity with the other body 
fluids that it is impossible to consider either alone. For example, when 
body water is lost by perspiration induced by pilocarpin, or by 
diuresis induced by salyrgan, a very definite amount of sodium salts 
is also lost in the process. One might ask then, if the relief of symp- 
toms in Ménière’s disease is not due more to the loss of sodium salts 
than to the water in which they are eliminated. Dederding does not 
consider this a possible explanation, although her data would support 
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such a conclusion just as well as it does her assumption that water is 
specifically concerned. 


Second, the method by which Dederding and her associates meas- 
ured water exchange was so inaccurate that quantitative statements 
regarding the latter are impossible. If an accurate statement of water 
exchange is desired, the amount of water “into” the body from every 
“source” and the amount of water “out” of the body at every “exit” 
must be determined. As will be seen, only a small fraction of both 
the water “into” and “out” of the body was determined by Deder- 
ding. 

Table 1 lists the various items of water “into” and “out” of the 
body and gives the average amounts of each as obtained under ordi- 
nary conditions with the normal subject. Examination of this table 
=- reveals several interesting facts. 


TABLE L—WATER EXCHANGE-—BALANCE. 


AVAILABLE WATER. EXCRETED WATER. 
Grams. Grams. 
1. Exogenous Be. WEIN oroin POOO 
A. Diet aoaaa 900 A Stool cer tee ec tt 200 
B. Water as such ........1100 fo Vapor crana een ie LOO 
2. Endogenous —— 
A. Oxidation oaa 200 Totala 2200 
B. Preformed 20000000000... 0 l 
Total aaa 2200 


The water contained in the solid food of the diet is a relatively 
large amount. The quantity of water derived from the oxidation of 
protein, fat and carbohydrates, although relatively small, is not slight 
enough to be neglected. The “preformed” water which is that water 
released from body tissue when the latter is destroyed, is absent when 
the subject is in energy balance, and therefore is of no significance 
here. Finally, the most interesting fact is that the “water as such,” 
or the free fluid of the intake, constitutes less than 50 per cent of 
the total water available to the subject. Dederding determined only 
the free fluid intake in her investigations. 


In considering the various losses of water from the body, a 
most surprising amount is lost by vaporization from the skin and 
lungs. This loss is comparable to the amount of water lost as urine 
and is rarely determined by those pretending to measure water ex- 
change. The water contained in the stool is relatively small, but it 
is apparent that it, too, must be determined in an accurate water 
exchange. The water of the urine is the one loss most commonly 
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determined, but it constitutes less than 50 per cent of the loss of 
water from the body. The quantity lost by vaporization is often 
greater, although it has seldom been considered in studies of water — 
exchange. Dederding, in her investigations, determined only the 
urine volume. | ee 

It must be obvious that determination of the free fluid of the 
intake and the urine volume constitute less than 5$ 0 per cent of the 
total exchange of water by the body. Consideration of only these 


two items of water exchange often result in erroneous conclusions 


regarding the status of body water. The following examples (Tables = 
2 and 3) are given to demonstrate this fact. Table 2 shows the data 
obtained from a postoperative case of acute intestinal obstruction, 2. 


TABLE H.—WATER EXCHANGE—DEHYDRATION, 
AVAILABLE WATER. EXCRETED WATER. 
Grams. Grams. _ 
ge NW apOr socials otal Sh Ante ee ns POO 
2. Endogenous UNOS ese ies sets atau FS OO 
A. Oxidation 200000. 225 PITA MVARE vorn ilesa ROO 
B. Preformed ........... 200 nem 
—_—— Total wa 00. 
VOC in ed ceec a ius SOS l E 
Daily dehydration 1275. 


1. Exogenous 
A. Diet oo CO 
B. Water as such... ...... 3000 


NE D n p 


If one compared only the “water as such” (3,000 grams) with the 
urine water (700 grams), the daily dehydration of 1,275 grams 
would never have been suspected. Table 3 shows the data obtained 
from a subject having chronic nephritis and edema. If, in thissubject 
one compared the “water as such” (1,200 grams, which is smaller 


TABLE IHI.—WATER EXCHANGE—HYDRATION. 


AVAILABLE WATER. EXCRETED WATER. 

Grams. Grams. | 

1. Exogenous Pe WO. saci ates ei te ee OO 
A. Diet oo. 900 4. Stool oo 180 

B. Water as such 0.1200 Pe Vapor torches te 

2. Endogenous | nn 
A. Oxidation 0. 250 Bs S| nee eR i) 

B. Preformed 20000. Daily hydration 550, _ 


eRe mim arem. 


Total oaaae anaa 230 


than that of the subject in Table 2) with the urine water (800 < 
grams, which is larger than that of the subject in Table 2), the daily 
accumulation of $50 grams of edema would have been overlooked. 
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The foregoing facts make it evident that investigations similar 
to those of Dederding are of value only when a method which insures 
a more accurate determination of water exchange is employed. The 
data presented below is the result of such an investigation. 


Time does not permit a detailed account of the procedure by 
which an accurate statement of water exchange was obtained in 
this investigation. For these details, reference may be made to the 
original descriptive articles.’ However, the following brief descrip- 
tion is given in order to emphasize the care and precision which are 
imperative in such a study. 


The subject was weighed in the nude state at definite intervals 
of either twelve or twenty-four hours on a special balance which is 
accurate to 1.0 gram. The drinking water ingested daily was accu- 
rately weighed in a large thermos bottle from which the patient 
drank through a glass tube. Throughout the experiment, the diet 
was constant, the same kinds and amounts of food being ingested 
day after day.* The food was prepared, accurately weighed and even 
served by one of us. The water content of the food was determined 
by dessication. The urine and stool were collected daily in closed pails, 
accurately weighed and the water content of each also determined 
by dessicar‘on. The daily excretion of nitrogen was obtained by 
Kjeldhal analysis of the urine and feces. The water lost by vaporiza- 
tion from the skin and lungs, and that available from the oxidation 
of the foodstuffs, was obtained by means of the insensible loss of 
weight and the metabolic mixture as described by Newburgh, Wiley 
and Lashmet.” 


Thus, in this investigation, the water exchange was determined 
by quantitatively measuring every item of water “into” and “out of” 


the body. 


The data presented in Fig. 1, was obtained from a patient who 
had had typical Méniére’s disease for ten years. For about two years 
prior to this study he had averaged two or three attacks per week, and 
for the past six months had suffered a seizure daily. These attacks were 
characterized by a “feeling of fullness” in the head, “buzzing and 
ringing” in the ears, dizziness, and finally, nausea with vomiting. The 
only relief he had been able to obtain was secured by lying very 
quietly with eyes blindfolded. 


*The daily diet consisted of: Milk, 600 gms.; cream (40%), 100 gms.; cheese, 
100 gms.; bread (whole wheat}, 150 gms.; puffed wheat, 10 gms.; grape fruit 
(canned), 100 gms.; butter, 60 gms.; apple sauce, 150 gms.; sugar, 10 gms. Such 
a diet contained: Nitrogen 9.7 gms.; fat, 154 gms.; carbohydrate, 188 gmms.; 
calories, 2382; total solids, 397 gms.; sodium, 87 milli-equivalents. 
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For the first six days of this investigation, water exchange was 
determined for periods of twenty-four hours. It was soon realized 
that changes in body water occurred so quickly that twelve-hour 
periods of determination were necessary. Consequently, for the re- 
mainder of the study, water exchange was measured for periods of 
twelve hours, one period beginning at 7:15 A. M. and ending at 
7:15 P. M., and the following period beginning at 7:15 P. M. and 
ending at 7:15 A.M. 


The first five days were used as a control period, in an attempt 
to estimate the status of body water. The subject received the con- 
stant diet, as already described, and was permitted to drink water 
freely. During the first two days there was considerable retention 
of body water, half of which was lost spontaneously in the following 
three days. There were no attacks during this period. 


On days 6 and 7 the subject received 348 milli-equivalents 
of sodium (87 m.-eq. in the diet and 261 m.-eq. as sodium chlorid), 
administered daily, during the twelve hours while awake. For the 
first thirty-six hours there was a marked retention of water in 
the body. A very severe attack, as previously described, occurred 
at the height of hydration. During the following twelve hours 
there was a spentaneous loss of water with a distinct diminution 
in the severity of the symptoms. During the first twelve hours of 
day 8, the subject ingested 261 milli-equivalents of sodium (87 m.-eq. 
in the diet and 174 m.-eq. as sodium bicarbonate). Again, there was 
a marked hydration with a second attack occurring at its height. 
During the following twelve hours, all of the water which had been 
held during the preceding twelve hours was released and the subject 
again improved. It will be noted that these two attacks occurred 


27 


MENIERE’S SYMPTOM COMPLEX. 


when sodium was administered and retention of water by the body 
was in evidence. Consequently, one cannot assume that either one 
of these factors is solely responsible for the attacks. 


In order to study separately the effect of sodium administration 
and retention of body water, the subject was purposely dehydrated 
during days 11, 12 and 13, by rigidly restricting the intake of water. 
When the subject was dehydrated to a level at which he had pre- 
viously had no attacks (control period) he was then given 261 
milli-equivalents of sodium (87 m.-eq. in the diet and 171 m.-eq. 
as sodium bicarbonate), during the first twelve hours of day 13. 
A severe attack occurred, in spite of the fact that the body contained 
strikingly less water than it did when the attacks were absent (days 
1 to 6 and 9 to 11). During the first twelve hours of day 14, the 
same intake of sodium was maintained and water was freely given. 
There was marked retention of body water, although no attack was 
produced. However, the following day (day 15), during which the 
same intake of sodium was maintained, a fourth attack occurred, but 
not until the subject had lost approximately 500 grams of the water 
previously stored. 

Beginning with day 16 and continuing to day 34, the intake 
of sodium was only that contained in the diet (87 m.-eq.). Water 
was permitted and averaged about 1,800 grams daily. Ammonium 
chlorid, an acid-producing salt, was administered in increasing dosage. 
At first, water was retained but this was gradually lost. During the 
period of water retention, it will be noted that the amount of water 
held was practically as great as when sodium was administered, but 
attacks resulted when sodium was given, while none were produced 
by ammonium chlorid. Since ammonium chlorid administration is 
associated with an increased excretion of sodium, it is presumed that 
ammonium chlorid failed to produce an attack because it prevented 
the retention of sodium by the body. 


It is obvious from this data that attacks occurred quite inde- 
pendently of whether water was stored or lost by the body. Further- 
more, attacks were produced by the administration of sodium, regard- 
less of whether such administration was attended by hydration or 
dehydration. The acid-producing salt, ammonium chlorid, did not 
produce an attack, in spite of the fact that it was at first attended 
by a retention of body water quite as great as that accompanying 
ingestion of sodium. 

SUMMARY. 


It is assumed from our experiments that the symptoms of 
Méniére’s disease are due to the retention of sodium by the body. If 
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a sufficient supply of water is available it will likewise be retained, 
but this fact is not of primary importance. Apparently, the local 
tissues involved in Méniére’s disease have either an increased avidity 
for sodium or an unusual sensitivity to it. 


The therapeutic indications are: (1) to permit as small an intake 
of sodium as is possible and (2) to prevent the accumulation of sodium 
by the body. The former is easily attained by means of diet and the 
latter by the administration of acid-producing salts, such as ammo- 
nium chlorid. When these two factors have been controlled, the 
intake of water does not need to be considered. 


We have treated fourteen cases of typical Méniére’s disease suc- 
cessfully by this method. Each patient was carefully selected in an 
effort to rule out any obvious lesion, such as an acoustic nerve tumor 
or a suppurative process in the temporal bone, and every precaution 
was taken to eliminate psychical elements from this study. 


While the number of patients is not large, it represents a group 
carefully chosen from the cases available in our clinic during the past 
ten months. Each patient was hospitalized for a period of thirty days 
or more and the efforts of two members of the staff and myself were 
directed daily towards a careful clinical and laboratory study of the 
problems at hand. 


It is of extraordinary interest to note that identical results were 
obtained for all of the patients in this group. In not one instance did 
we fail to produce an attack by the administration of sodium, and 
not once were we disappointed in obtaining complete relief by the 
medical therapy above described. The patient whose chart is herein 
presented has been without a seizure since ammonium chlorid was 
first given to him on October 16, 1933, and similar results for shorter 
periods have been obtained for the remaining thirteen cases in the 
group. 

We are fully aware that presumptuous claims for medical thera- 
py cannot be based upon the meager statistics herein compiled. It is 
not our wish that such an inference should be drawn. Rather do we 
desire to suggest a new etiologic factor in the production of Méniére’s 
disease and express the hope that it may lead to further research in 
therapeutics. 


Obviously a study of this kind leads to many ramifications in 
the field of clinical medicine and physic and biochemistry. With 
each original discovery, new problems for further investigation are 
brought to light. Innumerable questions promptly arise and critical 
suggestions are prone to appear. Both are invited. We ask for criti- 
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cism with the hope that it will criticise the work which is presented 
rather than the problems which the study suggests. 


TREATMENT. 


. Protein, unrestricted or forced. 


l 
2. Calories, as indicated. 
3 


. Low salt content. 


4. Medication. Ammonium chlorid, 3.0 gms., with each meal, 
in capsules (six capsules each containing 71⁄2 grains taken during the 
meal), three days on and two days off. The capsules should not be 
replaced by the chocolate coated or the enteric coated pills because 
the latter sometimes pass through the gastro-intestinal tract without 
being absorbed. The ammonium chlorid can be given in this dosage 
for an indefinite time without injurious effects. We have had patients 
with nephritis receiving ammonium chlorid in this manner for a 
period of five years. 


$, Water intake unrestricted, although excessive quantities of 
liquids should not be taken. 


6. Diet, approximate neutral, low sodium diet. 


Group A: The following foods may be taken daily: 


1. 
2a 
3. 


Eggs, meat, fish and fowl as desired. 
Bread as desired. 


Cereal, one of the following: Farina, oatmeal, rice, puffed 
rice or puffed wheat. 

Potato and one or more servings of any of the following: 
(a) macaroni, (b) spaghetti, (c) rice, (d) corn, (e) cran- 
berries, (f) prunes, (g) plums. 

Milk as desired. 


Vegetables and fruits daily of any fruit and of any vege- 
table not included in groups “B” and “C” as desired. 


. Butter, cream, honey, jellies, jams, sugar and candy per- 


mitted as desired. 


. Tea and coffee as desired. 


FOODS TO BE AVOIDED. 


Group B: All salt meats and fish, or bread, crackers and butter 
prepared with salt. Carrots, clams, condensed milk, raisins, caviar, 
cowpeas, olives, spinach, cheese, endive, oysters. 
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FOODS TO BE TAKEN NO MORE THAN TWICE WEEKLY. 


Group C: Lima beans, beets, buttermilk, cantaloupe, cauliflower, 
celery, chard, dried cocoanut, dried currants, dates, figs, horseradish, 
kohlrabi, limes, muskmelon, peanuts, peaches, mustard, pumpkin, 
radishes, rutabagas, strawberries, turnips, turnip tops, watercress. 

Note: All food to be prepared and served without salt. 
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A study was carried out to determine which factors contributed to the vowel and consonant recognition ability of recipients of the 22- 
channel cochlear implant system. On the basis of the statistical analysis, no isolated factor showed a strong correlation with vowel recogni- 
tion score. On the other hand, negative correlations were found between patients’ consonant recognition scores and postoperative psycho- 
physical percepts such as threshold levels and maximum comfortable loudness levels. However, multiple regression analysis also showed 
that the combination of lower threshold levels, a larger number of usable electrodes, and wider dynamic ranges contributed to higher con- 


sonant recognition scores. 


KEY WORDS — cochlear implant, multiple regression analysis, psychophysical percepts, vowel and consonant recognition. 
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With advances in technology, it has become pos- 
sible for profoundly deaf people who receive mini- 
mal or no benefit from conventional hearing aids to 
obtain speech recognition ability through cochlear 
implant systems, single-channel or multichannel. 
The performance varies widely from system to sys- 
tem and even among recipients using the same type 
of cochlear implant prosthesis." From clinical ex- 
perience with Nucleus 22-channel cochlear implant 
patients, we have found that the results vary greatly 
for both the speech discrimination scores and also 
for the postoperative electropsychophysical testing 
from subject to subject, even though the conditions 
at operation, such as the full insertion of the elec- 
trodes, were similar. 


Many factors may influence an individual’s abili- 
ty to make use of electrical stimulation. Several re- 
searchers have attempted in the past to identify pre- 
dictors of auditory performance with cochlear im- 
plants. Mecklenburg and Brimacombe?‘ report from 
their experience with the Nucleus cochlear implant 
system that variations of performance can be re- 
lated to a number of factors: motivation, age, cause 
of deafness, age at onset and length of unaidable 
profound deafness, neural population reserve, syn- 
thetic processing ability, ability to use bimodal per- 
cepts, and so on. No one factor, however, has been 
shown to correlate significantly with communica- 
tion skills. Recognizing that a combination of vari- 
ables including nerve viability, cognitive skills, and 
implant design affect performance, Gantz et al 
carried out statistical tests and found no strong pre- 


dictor in isolation except the effectiveness of multi- 
channel speech processing compared to single-chan- 
nel. Similar results were found by Cooper‘ in regard 
to determining predictors by using the University 
College Hospital/Royal National Institute for the 
Deaf cochlear implant system. 


These previous studies suggest that it is difficult 
to determine the factors that can predict the success 
of cochlear implants before implantation. We have 
observed that postoperative psychophysical percepts 
such as threshold level (T level), maximum comfort- 
able loudness level (C level), and dynamic range 
may play important roles in speech recognition abil- 
ity. The object of this study was to correlate these 
postoperative psychophysical percepts with the 
phoneme recognition abilities of implant patients. 


METHODS 
SUBJECTS AND SPEECH RECOGNITION TESTS 


Nineteen postlingually deafened adults, 12 men 
and 7 women, who had used the 22-channel cochle- 
ar implant system for at least about 5 months were 
included in this study. Prior to the implantation, all 
of them had an average hearing loss of greater than 
110 dB hearing level, and they scored zero on open- 
set speech discrimination tests. None of the patients 
received benefit from high-powered amplification. 
The subjects ranged in age from 38 to 66 years 
(mean, 49.7 years). The length of profound deaf- 
ness varied from 0.3 to 35 years (mean, 6.3 years). 
The distribution of causes of deafness was as follows: 
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3 meningitis, 4 ototoxic drugs (dihydrostreptomy- 
cin), 9 progressive deafness, 1 trauma, 1 Meniere's 
disease, and 1 sudden deafness. 


Vowel and consonant recognition tests were em- 
ployed to examine patients’ ability at phoneme rec- 
ognition in a context-free condition. Vowel testing 
required identification of 30 randomized presenta- 
tions of five Japanese vowels /i,e,a,o,u/ in an iso- 
lated format, instead of the consonant-vowel-conso- 
nant context, which does not appear in the Japanese 
phonetic system. The consonant testing required a 
similar decision among 14 Japanese consonants, 4 
presentations for each in random order, in a vowel- 
consonant-vowel context with the vowel /a/. The 
consonants were /p,t,k,b,d,g,h,s,z,m,n,r,j,w/. 


The patients were asked to identify each stimulus 
after it was presented by a female speaker, live 
voice, under the condition of hearing alone. There 
were two repetitions of each complete test, and the 
mean scores across the tests were used for statistical 
analysis. All of the testing was carried out in a small 
room with ambient noise levels of about 45 to 50 
dBA. A hand-held microphone about 20 cm from 
the speaker’s mouth was used. 


SELECTED FACTORS FOR ANALYSIS 


Selected factors for this study are as follows. The 
patients’ age at implantation and duration of pro- 
found deafness were selected as individual physio- 
logic factors, Postoperative psychophysical percepts 
with the cochlear implant such as T level, C level, 
average current level (median between T level and 
C level), dynamic range (range between C level and 
T level), and number of usable electrodes were se- 
lected as psychophysical factors. For this analysis, 
each factor was represented by the mean value cal- 
culated over the electrodes used. To obtain the T 
levels and C levels on each usable electrode, the pa- 
tients were measured in the bipolar plus 1 mode with 
a pulse width of 205 microseconds, and the wearable 
speech processor was programmed with an FOF1F2 
coding strategy. Processors and. patients with other 
modes, different pulse widths, or other coding strat- 
egies were not included in this study. Every patient 
had electrodes of the Nucleus intracochlear implant 
fully inserted into the scala tympani at the time of 
operation. However, several patients were forced to 
use fewer electrodes in their program because of ei- 
ther uncomfortable sensations in the basal turn or 
malfunction of electrodes. 


STATISTICAL METHOD 


To correlate the recognition scores of the vowel 
and consonant tests with each factor, Pearson’s cor- 
relation coefficient was calculated. Multiple regres- 
sion-was also conducted to find the combination of 
factors that contribute to performance. In the mul- 
tiple regression, a stepwise analysis was done by 
using the results of vowel or consonant recognition 
tests as dependent variables and the selected factors 
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Fig 1. Vowel and consonant recognition scores. Line across 
middle of each box is median. Top and bottom of each box 
_ are 75th and 25th percentiles. Top and bottom of vertical 
lines (whiskers) are 90th and 10th percentile boundaries. 
Circles under and over whiskers are extreme values. 


as independent variables. Factors that were includ- 
ed in the stepwise analysis had to have an F value of 
greater than 4. Before applying those single and 
multiple regression analyses, we examined distribu- 
tions of the data. When the data deviated from the 
normal distribution, a power or logarithmic trans- 
formation was used.to normalize the distribution. 


RESULTS 
VOWEL AND CONSONANT RECOGNITION TESTS 


The results of vowel and consonant recognition 
tests are shown in Fig 1 as box and whisker plots. 
The patients scored with an average accuracy of 
52% (range, 18% to 72%) for consonants and 84% 
(range, 45% to 98%) for vowels. The majority of 
patients scored between 46% and 62% on the con- 
sonant test, and around 84% to 93% on the vowel 
test, 


POSTOPERATIVE PSYCHOPHYSICAL FINDINGS 


Figure 2 shows the distribution of results for the 
seven factors. Threshold level ranged from 66 to 150 
digital units (du), with a mean of 112.7 du. The C 
level ranged from 135 to 180 du (mean, 158). The 
average current level ranged from 101.3 to 164.5 
du, and the range of dynamic range was 16.5 to 
69.5 du on a logarithmic current scale.” (The ampli- 
tude of the stimulus current generated in the cochle- 
ar implant may be varied from approximately 25 pA 
to 1,500 pA. This large current range is reduced to a 
manageable number of steps or digital units, from 1 
to 239, by using a logarithmic transformation.) The 
number of usable electrodes ranged from 14 to 22 
(mean, 19.6). 
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Post-operative psychophysical factors 


Average 
T- Current C- Dynamic No. of 
level level level Range Electr. 
200 80 23 
d.u. d.u. 
22 
180 70 o 
21 
t60 60 20 
19 
140 50 
18 
120 40 
17 
16 o 
100 30 o 
5 
80 20 
° 14 © 
60 10 13 





The T level, average current level, C level, and 
dynamic range showed a nearly normal distribu- 
tion. The majority of patients responded at around 
101 to 118 du in T level, 153 to 168 du in C level, 
and 41 to 61 du in dynamic range. On other factors, 
the distribution deviated from normal. Although 
the number of usable electrodes ranged from 14 to 
22, the distribution showed that the majority of pa- 
tients used 19 to 21 electrodes. The duration of deaf- 
ness ranged from 4 months to 35 years, although the 
median was 3 years. Age at implantation ranged 
from 38 to 66 years, and the median was 49 years. 
Data that showed a deviated distribution were 
transformed as follows: age at implantation, a 
squared number; duration of deafness, logarithmic 
transformation; and number of usable electrodes, 
fourth power transformation. 


CORRELATION BETWEEN VOWEL AND 
CONSONANT RECOGNITION AND 
SELECTED FACTORS 


Simple Correlation. The correlation coefficient 
of the vowel recognition score and each factor is 
shown in Fig 3A. No single factor showed a statisti- 
cally significant correlation with vowel recognition 
scores. Average current level, T level, and C level 
showed a relatively strong negative correlation 
(r< —.5), which suggested that those who showed 
higher sensitivity to electrical stimulation scored 
high on the vowel recognition test. The correlation 
with the duration of deafness was negative, al- 
though not strong (r= —.414), indicating that the 
shorter the duration of deafness the better the vowel 
recognition. The number of usable electrodes and 
age at implantation showed a weak correlation. 


Physiological factors 
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The correlation coefficient between the conso- 
nant recognition scores and each factor is shown in 
Fig 3B. Both T level and average current level 
showed a strong negative correlation (r< — .7). There 
was a relatively negative correlation with C level. 
These results again suggest, for consonant recogni- 
tion, that the better performers show high sensitivi- 
ty to electrical stimulation. As with vowel recogni- 
tion, a low negative correlation with duration of 
deafness was also observed. 


With regard to the number of usable electrodes 
and dynamic range, although the correlation coeffi- 
cients were not strong, the results suggest that pa- 
tients perform better on the consonant recognition 
test when they have a wider dynamic range and a 
larger number of usable stimulus channels. The cor- 
relation with age at implantation was weak. 


Multiple Regression. Multiple regression analysis 
was conducted by using the results of vowel or con- 
sonant recognition tests as dependent variables and 
the selected factors as independent variables. Be- 
cause there was such a small range of vowel recog- 
nition scores with a deviated distribution, each pa- 
tient’s score was raised to the squared number for 
normalization. Two factors of average current lev- 
el, the mean digital unit level of T level and C level, 
and the number of usable electrodes were included 
in the multiple regression model (r° = .58), and oth- 
er factors were excluded. As stated before, the num- 
ber of usable electrodes showed a weak correlation 
with vowel recognition in isolation, but was in- 
cluded in the multiple regression model. A comple- 
mentary contribution of the number of electrodes to 
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Fig 3. Correlation coefficients. A) For vowel recognition scores. B) For consonant recognition scores. 


patients’ electrical sensitivity was suggested. The 
same process was followed in a multiple regression 
analysis of consonant recognition. As a result, the T 
level, the number of usable electrodes, and dynamic 
range remained as factors that would be included in 
the multiple regression model. The correlation coef- 
ficient drawn from the analysis was .848. 


From the above results, the following factors ap- 
pear to contribute to vowel and consonant recogni- 
tion ability: average current level and the number 
of usable electrodes for vowel recognition, and the 
number of usable electrodes and dynamic range for 
consonant recognition. Multiple regression equa- 
tions for predicting patients’ phoneme recognition 
are as follows. For vowel recognition score, the 
equation is 





(1) dv? = — .013xA+3.85 x (E/22)* 
For consonant recognition score, the equation is 
(2) de= —.008x T+ .381 x (E/22)*— .005 x D 


The term dv? stands for the expected value of vowel 
recognition in a squared number, de for expected 
value of consonant recognition, A for average cur- 
rent level, T for T level, D for dynamic range, and 
E for number of usable electrodes. 


The scattergrams in Fig 4 show the relationships 
between the expected values of vowel and conso- 
nant recognition determined by the regression model 
and their observed values. In Fig 4A, the observed 
scores of the vowel test are distributed relatively ho- 
mogeneously along the regression line, but some 
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Fig 4, Expected values in relation to actual scores. Above and to left of regression line are scores of subjects who performed better 
than expected. Below and to right of regression line are scores of subjects who performed worse than expected. A) For vowel recog- 


nition. B) For consonant recognition. 
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data are apart from the line. This finding suggests 
that the prediction score for vowel recognition is 
not high for the possible predictive factors of aver- 
age current level and the number of usable elec- 
trodes. On the other hand, in Fig 4B, the data are 
spread along the multiple regression line for conso- 
nant recognition. The results indicate that it is pos- 
sible to predict consonant recognition scores by us- 
ing a combination of T level, number of usable elec- 
trodes, and dynamic range. 


DISCUSSION 


Our study focused on possible contributing fac- 
tors to the speech recognition ability of cochlear im- 
plant patients in a limited frame of vowel and con- 
sonant recognition. 


A simple correlation analysis showed a relatively 
high negative correlation between patients’ conso- 
nant recognition scores and current-related factors 
such as T level and average current level, but every 
factor showed weak correlation with vowel recogni- 
tion scores. 


The results of multiple regression analysis showed 
that the combination of T level, dynamic range, 
and number of usable electrodes could predict pa- 
tients’ consonant recognition ability. It also showed 
that a lower T level, a larger number of usable elec- 
trodes, and a wider dynamic range contribute to 
the improvement of patients’ recognition of conso- 
nants. It was demonstrated that the ability to per- 
ceive consonants seems to be more dependent on 
electropsychophysical percepts than on age at im- 
plantation or length of deafness (that is, on the con- 
dition that the subjects were normal-hearing adults 
until they were deprived of hearing). As for vowel 
recognition, no combination of factors was found to 
predict performance. A probable reason for the low 
multiple correlation coefficient in vowel recogni- 
tion is the concentration of performance scores at a 
high percentage. 


In the consonant recognition test, those patients 
who had the combination of lower T level, wider 
dynamic range, and larger number of usable elec- 
trodes showed a higher score in our study. A lower 
T level with a wider dynamic range was considered 
to be related to sensitivity and function of the inner 
ear in terms of the population of remaining nerve 
fibers and their density, although the relation is not 
proved scientifically. 


Like other researchers, we also carried out a com- 
parative study between the results of a preoperative 
promontory stimulation test and the performance 
scores with the cochlear implant system with the 
aim of assessing the status of the auditory nerve and 
predicting the potential success of the implant. We 
found no relationship between T level and dynamic 
range and the promontory stimulation test, or be- 
tween T level and dynamic range and postoperative 
psychophysical tests with the implant. What exactly 
causes low T levels remains unknown at present. 
Regarding neuronal survival, Otte et al® report that 
different causes of deafness result in different levels 
of neuronal survival in the cochlea. Our findings 
are inconsistent with their research, since some of 
our patients deafened by meningitis with lower T 
levels were high performers. 


As for the number of usable electrodes as a possi- 
ble factor in performance with the implant, Clark 
et al? and Holmes et al'° also reported a positive cor- 
relation between the number of usable channels 
and performance. It seems natural to expect good 
speech recognition ability with a large number of 
stimulus channels, since the frequency resolution 
would be better for those patients. 


Concerning the age at implantation, our results 
are consistent with other reports. "%19 It does not 
appear to contribute to performance with the im- 
plant. The duration of profound deafness showed a 
negative correlation with implant performance, al- 
though not to the extent reported by Dowell et al! 
and Clark et al.* These two factors were not found in 
the multiple regression analysis to be predictive. 
This result may be due to the ambiguity of onset of 
profound deafness or the age at onset of deafness in 
many of the subjects. 


The residual statistics in the multiple regression 
analysis are considered to be related to some other 
factors such as motivation and central processing 
ability. An Iowa group* reported that these factors 
could not predict audiological performance with an 
implant. They studied predictive factors by admin- 
istering a battery of tests, including cognitive assess- 
ment, but found no single predictor. However, 
from clinical experience, it can be said that these 
factors seem to have an effect on performance. Fur- 
ther investigation is needed to define the factors 
that can predict postoperative performance with 
the implant system. Meanwhile, our findings from 
this study may be used as a guideline for counseling 
patients and for setting goals for rehabilitation. 
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MANAGEMENT OF FLAP NECROSIS IN COCHLEAR IMPLANTATION 
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Skin flap complications are the most commonly reported problems in cochlear implant surgery when the anteriorly based C-shaped 
flap is used for the incision. If the prosthesis is exposed by flap necrosis, local skin flaps may be used to obtain coverage. Unfortunately, the 
long-term viability of such flaps may be compromised by the pressure exerted by the transmitter. Two cases of flap necrosis severe enough 
to expose the prosthesis have been successfully managed by relocating the device to a position superior to the auricle, under healthy skin. In 
one case the receiver was removed owing to infection and reimplanted at a later date. In this case, the electrode array was left in place at 
explantation in order to stent the cochlea. The surgical techniques and flap designs for this procedure are presented. No further surgical 
complications have developed in either case. The devices are performing well for both patients at this time. We have found relocation of 
the implant a useful technique in the management of major flap necrosis. This technique may also be useful to prevent flap necrosis should 


excessive flap thinning occur during the implant operation. 
KEY WORDS — cochlear implantation, flap necrosis. 


INTRODUCTION 


Cochlear implantation has become an increasing- 
ly common procedure in the rehabilitation of se- 
lected cases of profound deafness. Of the potential 
complications in cochlear implantation, the most 
frequently reported and potentially one of the most 
significant has been major ‘flap necrosis, occurring 
in 4.8% of 459 cases as reported by Cohen et al. 


Local skin flaps have been most frequently used 
to obtain coverage of an exposed implant. How- 
ever, several other alternatives can be used to man- 
age these cases. Explantation of the affected ear and 
implantation of the opposite ear is possible, but is 
generally only used when no other alternatives ex- 
ist. It is always preferable to save the other ear for 
future considerations such as advances in technolo- 
gy that may provide improved performance. 


Another alternative is to keep the implant in the 
affected ear but to relocate the device to a site under 
healthy skin. Two cases are presented in which the 
device was moved to a more anterior site that was 
actually directly superior to the auricle. In both 
cases there were no further complications, and the 
device is still being successfully worn. These cases 
demonstrate an alternative to local skin flaps in the 
management of flap necrosis. 


CASE REPORTS 


Case 1. A 44-year-old woman underwent implan- 
tation on December 16, 1987. Her deafness was 
caused by a combination of multiple episodes of 
sepsis, which required ototoxic medications for 
treatment, and an intracranial abscess. An anterior- 
ly based C-shaped flap was used, and a Nucleus 
22-channel device was implanted. At the time of 
operation the flap was greater than 6 mm and was 


therefore thinned as recommended by the manufac- 
turer.? This was felt to have contributed to the 
eventual flap necrosis. The flap was viable during 
the first postoperative week; however, by the sec- 
ond week, venous congestion was noted that pro- 
gressed to obvious flap necrosis. Debridemient of the 
necrotic tissue exposed the receiver of the implant 
(Fig 1A). 


On January 27, 1988, the patient was taken to the 
operating room and the necrotic tissue was de- 
brided, with both advancement and rotational 
scalp flaps used to cover the device. These flaps also 
became necrotic between 1 and 2 weeks postopera- 
tively. A second attempt at coverage with local 
flaps was made on February 18, this time with a 
flap from the back of the neck. Although the flap 
once again looked viable for approximately 1 week, 
flap necrosis again developed between 1 and 2 
weeks postoperatively. Because of chronic exposure 
of the device, it was felt that localized infection 
may have been contributing to the flap failures. 
Therefore, the patient was explanted on April 12. 
At the time of operation massive granulation tissue 
was found beneath the receiver. It was pushing the 
device laterally and had pulled the stay sutures 
through the bone to which they were secured. The 
granulation tissue did not extend to the mastoid. Be- 
cause the infection was localized, the tail of the de- 
vice was cut off and left in the cochlea as a stent. Af- 
ter the wound healed by secondary intention, the 
patient was reimplanted on July 27. The device was 
placed under an anteriorly based fasciocutaneous 
flap located above the ear (Fig 1B,C). There were 
no further complications and the wound healed 
well. The patient is a successful user at 3 years post- 
operatively (Fig 1D). She has 26% open-set speech 
discrimination abilities (NU-6) and can wear the 
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Fig 1. (Case 1) A) Nape of neck flap, rotated at previous operation, now demonstrates necrosis of distal tip. B) Receiver is shown in 
place above auricle following reimplantation. Bony channel for original device is shown (arrow). C) Schematic demonstrating 
original C-shaped flap, with L-shaped extension, used to relocate receiver above ear. D) Side view of patient showing excellent 


ability to camouflage external magnet. 


device with standard magnet settings. 


Case 2. An insulin-dependent diabetic underwent 
implantation with an anterior C-shaped flap. This 
flap was also thinned enough to expose hair follicles. 
The receiver was placed within 1.5 cm of the inci- 
sion. By 6 weeks postoperatively, there was necrotic 
tissue over the receiver, and debridement of this 
tissue exposed the device. 


The patient was taken to the operating room, 
where the wound was debrided and the flap fully 
elevated (Fig 2A). There was enough room within 
the flap to rotate the device 90°, bringing the device 
anterior-superior to its previous location, where it 
was then under healthy skin (Fig 2B). The device 
was cleaned with Betadine solution, but not re- 
moved. There were no further complications, and 
this patient is also presently a successful user. 


DISCUSSION 
Although not life-threatening, flap necrosis can 


be one of the most devastating complications of 
cochlear implantation, because the ability to keep a 
functioning implant in place is potentially jeopard- 
ized. The rates of major flap necrosis reported vary. 
Luxford and House, * in a report of 350 cases, found 
only 4 in which there was infection or failure of the 
incision to heal. None of these required explanta- 
tion to resolve the problem. The rates of major flap 
necrosis reported with the Nucleus 22-channel 
device have ranged from 0% to 5.4% .*4 The major- 
ity of the wound problems in Cohen’s® report oc- 
curred with the anteriorly based C-shaped flap, and 
therefore it has been suggested that the inferiorly 
based U-flap should be more widely adopted.‘ 
However, it was also noted in Cohen's report that 
83% of flap problems occur within a surgeon’s first 
three procedures. It appears that technical consid- 
erations such as flap thinning or placement of the 
device too close to the incision may play major roles 
in the rate of flap problems. Both of these consider- 
ations were noted in our cases and were felt to play 
central roles in the cause of the flap necrosis. 
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Fig 2. (Case 2) A) Posterior edge of device is immediately adjacent to incision, which has been reopened for exploration. B) After ro- 
tation, device now lies well within incisions. 


The ideal management of flap problems is pre- 
vention. This can be accomplished by careful plan- 
ning and execution of the flap operation. The re- 
ceiver should be placed 1.5 to 2 cm from any inci- 
sion. The receiver must be carefully located on a 
flat plane of the skull to prevent lateral pressure on 
the flaps. Finally, the flaps should only be carefully 
thinned, if at all, since excessive thinning will com- 
promise the vascularity of any flap. If a surgical 
problem that jeopardizes the flap should occur dur- 
ing implantation, it would be better to move the de- 
vice or modify the flap immediately than to allow 
necrosis to begin. Should the viability of the flaps be 
compromised in the postoperative period, hyper- 
baric oxygen therapy has been used to attempt to 
maintain viability.© We are not aware of any flaps 
that have been maintained with hyperbaric oxygen 
therapy alone. It should also be noted that a flap 
that was compromised enough to require hyperbar- 
ic oxygen therapy may not be able to withstand the 
long-term pressure of the magnet. 


When flap necrosis results in exposure of the re- 
ceiver, the key element in the management of this 
complication is to reestablish coverage of the receiv- 
er with healthy skin. The mainstay of treatment to 
date has been coverage with local skin flaps. In fact, 
this was attempted several times in case 1, with no 
success. At explantation, massive granulation tissue 
was found beneath the device, which displaced it 
laterally. It was felt that lateral pressure from the 
device caused the delayed flap necrosis. 


Both these cases were successfully managed by re- 
locating the device above the ear, where healthy 
skin was available. In case 2, there was enough 
room within the flap to allow the rotation within 
the original flap. Case 1 required a second flap 
above the ear (Fig 1C). In addition, the flap was 
raised as a fasciocutaneous flap, so there was blood 
supply from both the superficial temporal artery 
and the deep temporal artery, which supplies the 


temporalis muscle. As illustrated in Figs 1C and 3, 
this flap is theoretically compatible with the C- or 
U-shaped flap. The tail of the device does run under 
the incision when used with the U-shaped flap. 
However, the tail is located in a bony canal where it 
traverses the incision and will not place pressure on 
that incision. 


Another theoretical disadvantage of this tech- 
nique is that the receiver may be difficult to 
camouflage when located above the ear. This has 
not proven to be a cosmetic problem in women (Fig 
1D), but may be more difficult in men if hair can- 
not be used to hide the device. 


Finally, the case 1 patient also was temporarily 
explanted to allow resolution of the infection with- 
out the presence of a foreign body. Since the in- 
fected bed was able to be isolated from the middle 
ear, the tail of the device was left in the cochlea as a 
stent. This allowed for reinsertion of the implant at 
a later date. The reinsertion was accomplished 
without difficulties. 





Fig 3. Schematic demonstrating how L-shaped flap could 
be used to place device if flap necrosis should occur with 
U-shaped flap. 
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Case 2 was managed successfully without the need 
to remove the electrode from the cochlea. The de- 
vice was only removed in case 1 after several con- 
servative attempts to control a resistant infection. It 
appears that the device can be saved in these cases if 
it can be isolated from the site of infection. 


CONCLUSIONS 


Flap necrosis is the most frequent complication of 
cochlear implantation. Thinning of flaps should be 
kept to a minimum if done at all to allow maximal 
blood supply to the flap. Since exposure of the de- 


vice jeopardizes the ability to maintain the implant, 
it is vital to obtain coverage of the device with viable 
skin. We present an alternative technique to local 
flaps by relocating the device superior to the auricle 
under healthy skin. This technique may be used 
with the C-shaped or U-shaped flap, but may re- 
quire creation of a second L-shaped flap. Addition- 
ally, when infection is present that requires explan- 
tation, the tail of the device can be left in the co- 
chlea as a stent if it can be isolated from the infec- 
tion. We also suggest relocating the device or rede- 
signing the flaps if during implantation a technical 
problem occurs that may portend flap necrosis. 
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MODEL FOR UNDERSTANDING THE INFLUENCE OF SOME 
PARAMETERS IN COCHLEAR IMPLANTATION 
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Considering the recognition performance obtained by an implanted patient, the authors have developed models to explain the de- 
crease in performance when the number of open channels on the prosthesis is increased. The French cochlear implant Chorimac was used 
in this experiment. Two models have been developed. The first is monodimensional and the second is multidimensional. They respectively 
represent an increase in information and its superposition. Results suggest that for the patient, the superposition factor prevails and is detri- 
mental to recognition. Its elimination should be a major goal. A good selection of electrodes in a relatively small number seems to be the 
best policy. This is already done in some cochlear implants. Some other parameters in the signal that seem worth being analyzed are intro- 


duced. 


KEY WORDS — cochlear implant, electrode number, modeling, phonetic features. 


INTRODUCTION 


The evaluation of the possibilities open to a patient 
fitted with a cochlear implant is one of the questions 
submitted to the scientific and medical community. 
Some general propositions can be made,’ but par- 
ticular adjustments are needed to establish tests ac- 
cording to the particularities of the language, the 
levels of the patients, and the possibility for imme- 
diate testing during the rehabilitation. 


When the performance of a patient is evaluated, 
the results depend more or less on three major fac- 
tors: the patient, the phonetic material used for the 
test, and the prosthesis. Each of these factors can be 
widely discussed. For the patient, for instance, it is 
quite clear that a young person, highly educated, 
recently deaf, in whom the total deafness occurred 
after the acquisition of language, who has high mo- 
tivation and good family support is a very good can- 
didate. The quality of the rehabilitation will play 
an important part in the final result also. 


The material used for the assessment will also in- 
fluence the performance; to distinguish in a quiet 
environment sounds that are very different, with 
the help of speech reading, is obviously easier than 


coping with speech over the telephone, especially in ` 


an open context. 
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Fig 1. Diagrammatic representation of coding performed 
by Chorimac prosthesis. 
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mentation, Villeurbanne (Berger-Vachon, Djedou), France. 


The prosthesis plays a fundamental part in the 
transmission of the signal. Today, it is more or less 
agreed that the multichannel prostheses are better 
than the single-channel,” but the choice of the tech- 
nology is still open for some patients. It is well 
known that the Nucleus or the Symbion implants, 
and even the Vienna/3M, have very enthusiastic 
supporters. In these cases, the coding of speech can 
be analog or digital.** 


This paper is not meant to add to the series of re- 
sults widely reported by the different teams, but is 
intended to explore some questions about the quali- 
ty of signal processing, without any prejudice as to 
the further decisions that will be made for the pa- 
tients.5 It is based on an in-depth assessment per- 
formed with the collaboration of a very cooperative 
patient. 


PATIENT TESTING 
BASES OF ASSESSMENT 


The three fundamental elements cited above will 
be discussed. 


Patient. The subject of our experiments is a 54- 
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Fig 2. Representation of set of 12 pulses emitted by pros- 
thesis. 
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TABLE 1. CHARACTERISTICS OF PROSTHESIS FILTERS 


Filter Bandwidth Central Frequency 
1 0- 240 120 
2 240- 350 290 
3 350- 450 395 
4 450- 600 520 
5 600- 800 690 
6 800-1,250 1,000 
7 1,250-1,450 1,370 
8 1,490-1,850 1,660 
9 1,850-2,500 2,160 
10 2,500-3,500 2,960 
ll 3,500-4,900 4,150 
12 -  4,900-7,500 6,050 


year-old man who had been deaf for approximately 
a decade when he was fitted with a Chorimac coch- 
lear implant in 1983 in the otorhinolaryngology de- 
partment of Edouard Herriot Hospital of Lyon. 


The patient is married and his family members 
provide very effective support. He was very willing 
to participate in our study; unfortunately, he re- 
jected his implant in 1987 and the testing was halted. 


Testing Material. For the purpose of the assess- 
ment a set of 12 logatomes was chosen‘ on the basis 
of analytical considerations of some basic features 
of the language. Three cardinal vowels were used 
(/a,i,o/), as well as a plosive-fricative opposition 
(/t/-/d/ and /s/-/z/) and the presence (/d,z/) or the 
absence (/t,s/) of voicing in consonants. This plan 
resulted in a 12-logatome set that was spoken in 
French: dada, dodo, didi, tata, toto, titi, sassa, sos- 
so, sissi, zaza, zozo, and zizi. These logatomes were 
randomly repeated 10 to 12 times to produce lists of 
129 words that were read to the patient. 


Prosthesis. The Chorimac prosthesis’ codes the 
signal in the following way. A set of 12 bandpass fil- 
ters divides the speech spectrum. Then the energies 
detected by the filters are used to control the dura- 
tion of constant-amplitude pulses. These pulses are 
distributed along the cochlea. 


A diagrammatic representation of the data pro- 
cessing performed by the prosthesis is given in Fig 1. 
Every 3 milliseconds the prosthesis delivers a set of 
12 pulses, shown in Fig 2. The filters have a loga- 
rithmic span in frequency. Table 1 gives the band- 
widths of the filters and the corresponding mean 
frequencies. 


Widely implanted by Professor Chouard’s team in 
Saint-Antoine Hospital of Paris,* the Chorimac 
prosthesis has been used in many experiments, 
which are ongoing. 


WORK WITH PATIENT 


Preliminary Considerations. The channels of the 
prosthesis had been open and closed throughout the 
experiments, and the patient quickly pointed out 
that his auditory possibilities were different accord- 


TABLE 2. RECOGNITION PERCENTAGES 


No. of Plosive- Voiced- 
Channels Logatomes Vowels  Fricative | Unwoiced 

Patient 

1 28 73 96 64 

3 31 71 93 63 

5 12 57 36 61 

7 17 43 40 84 
Multidimensional model* 

1 23 53 82 5l 

3 31 58 83 60 

5 48 63 83 91 

7 63 86 78 78 
Monodimensional model 

l 23 53 82 51 

3 ll 36 64 47 

5 4 32 39 57 

7 7 40 47 53 
Monodimensional model including phase 

l 23 53 82 51 

3 12 40 62 48 

5 5 33 40 57 

7 9 38 46 55 


*With number of open channels increased. 


ing to the number and the positions of the open 
channels. He was most satisfied with only a few 
channels open, in the middle of the range. This 
finding was the starting point of the experiment de- 
scribed in this paper. 


Recognition Versus Number of Open Channels. 
Only seven channels could be used with the patient: 
1, 7, 8, 9, 10, 11, and 12. 


The 129-word lists were presented to the patient 
with the following arrangements of the channels: 


1. 10. 

2. 8, 10, 11. 

3. 1, 8, 10, 11, 12. 

4. 1, 7, 8, 9, 10, 11, 12. 


The recognition performance is shown in Table 
2. It can be pointed out that some increases in the 
number of open channels seem to be harmful to the 
recognition scores. 


MODELING 
DATA ACQUISITION 


The duration of the pulses was recorded in the 
Laboratoire de la Communication Parlée in Greno- 
ble, where a specific system was established to accu- 
rately obtain the data. (The duration was some- 
times shorter than 1 microsecond.) A schematic of 
the system is shown in Fig 3. The duration of all the 
pulses produced during each utterance was stored. 


The evolution of energy over time is represented 
in Fig 4. Two sets of pulses were selected to repre- 
sent each logatome; the first was taken for the maxi- 
mum of the energy of the first vowel (after smooth- 
ing), and the second is the minimum, corresponding 
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Master Storage 
Computer Unit 
Fig 3. Schematic of system used for data acquisition. 


to the second consonant. 


Mathematically, each logatome was represented 
in a 24-dimensional space. In all, the pulses corre- 
sponding to two 129-logatome lists (L1 and L2) 
were recorded and characterized. 


AUTOMATIC RECOGNITION 


Multidimensional Model. The recognition of the 
utterances was performed through the comparison 
with the archetypes. The barycenters were taken 
for the archetypes of the classes of logatomes. They 
were computed from the first list (L1). A vector Bk 
with 24 coordinates represents the class (one is asso- 
ciated with each logatome) number k; Bk is the 
barycenter vector. The comparison is made through 
the use of a euclidean metric D(X,Bk) constructed 
between X and Bk (Fig 5). Each vector was classi- 
fied to the nearest class. The recognitions computed 
when the number of open channels varies lead to 
the percentages given in Table 2. It is worth point- 
ing out that the recognition performances are im- 
proved when the number of open channels is in- 
creased. 


Monodimensional Model. This model is based on 
the supposition that the endolymphatic fluid re- 
mains totally depolarized during each set of 12 
pulses. Consequent to this assumption, the informa- 
tion brought by the pulses was added in this model 
without reference to tonotopic organization at the 
ends of the auditory nerve. The vector X represent- 
ing an utterance has only two coordinates: one for 
the vowel and one for the consonant. Each coordi- 
nate is the sum of the durations of the pulses given 
by the open channels. The results obtained with this 
model are given in Table 2. 


Introduction of Phase. As the pulses do not arrive 
at the same time on the cochlea, a modification can 
be made in the former model by the introduction of 
information on phase. Consequently, the algebraic 
addition of the pulses was replaced by a vectorial 
sum (Fig 6). 


Energy yi 


V2 


C1 


Time 


Fig 4. Evolution of energy over time. C1,C2 — first and 
second consonants, V1,V2 -— vowels. 





j=l 


Fig 5. Euclidean metric. 


The phase is calculated according to the follow- 
ing formula: 


(1) piì=2xxrxFixTi 


where Ti is the delay of the i* pulse, and Fi its cen- 
tral frequency. This sum is the reconstitution, ac- 
cording to the theory of Fourier, of the first sample 
of the signal. The results are shown in Table 2. 


The similarity of monodimensional model results 
with or without phase must be emphasized., The im- 
provement of the model is not followed by an in- 
crease in the recognition percentages. This fact 
could be a consequence of the monodimensional 
structure of the model. 


INFLUENCE OF DIMENSION 


The results indicate a clear difference between 
the behaviors of the monodimensional and multidi- 
mensional models. 


If the sum on one dimension is considered, an 
early and dramatic fall in the recognition perfor- 
mance of the model is seen when the number of 
open channels is increased. This fall is worse than 
the decrease observed in the patient’s performance. 
On the other hand, the increase found with the 
multidimensional model is quite different from the 
results we got with the patient. 


In order to try to understand this behavior, a fur- 
ther experiment was done with the vowels and with 
the plosive-fricative feature. Channels 4, 6, 8, 10, 
and 12 only were used. 


Multidimensional Model, Starting with the rec- 
ognition scores given individually by the channels, 
the filters were associated in a “climbing” order 
(starting with the worst) and then in a decreasing 
order (starting with the best). The results given by 





Fig 6. Vectorial addition of duration of two pulses. 
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TABLE 3. RECOGNITION PERCENTAGES OBTAINED 
WITH CHANNELS 4, 6, 8, 10, AND 12 


Decreasing Climbing 
Order Order 
No. of Plosive- Plosive- 
Channels Vowels Fricative Vowels Fricative 

Multidimensional model 

1 68 82 35 58 

2 53 88 59 57 

3 65 84 66 56 

4 ries 83 84 71 

5 79 8l 79 8] 
Monodimensional model 

1 68 82 35 58 

2 69 87 36 50 

3 46 70 37 47 

4 49 64 50 47 

5 43 57 43 57 


these associations are shown in Table 3. These re- 
sults confirm the former observations. Regarding 
the distinction between the plosive and the fricative 
features, the recognition score can hardly be im- 
proved, as the starting point with the best channel is 


already high. 


Monodimensional Model. The results produced 
by this model are given in Table 3. The results ob- 
tained in decreasing order confirm the fall of the 
recognition scores. Nevertheless, it is possible to 
raise the performance when starting from a poor 
channel. The explanation is probably linked with 
the introduction of some good discriminatory infor- 
mation. 


FUTURE DEVELOPMENTS 


“Real” Model. It can reasonably be asserted that 
the two phenomena of superposition and tonotopy 


reside together in the cochlear duct. A general dis- 
tance D taking into account the two metrics dl 
(multichannel) and d2 (monochannel) taken previ- 
ously would lead to interesting results close to the 
ones observed with the patient. Thus D should be 
written according to the following formula: 


(2) D=alxdl+a2xd2 
where al and a2 are two weighting coefficients: 


Noise. A statistical model considering variance is 
worth developing. The variance could be a way of 
introducing noise. The augmentation of the number 
of open channels increases the information, and in- 
creases the noise as well. We need to determine 
which phenomenon is prevailing. Furthermore, it is 
quite possible to develop monodimensional and 
multidimensional statistical models. From our first 
trials, it appears that performance decreases when 
the number of channels is increased by too much. 


CONCLUSIONS 


This work indicates that a large augmentation of 
the number of channels used in a cochlear prosthesis 
is not the best solution to increase the efficiency of 
the signal when the channels are used simultaneous- 
ly. It seems better to have fewer but more carefully 
chosen channels. This result is quite clear in the case 
of the superposition of the channels. 


This work suggests that it is a good policy to take 
the best channels in a relatively small number, and 
to avoid as much as possible the superposition of too 
much information. According to us, the choice of 
the best channels cannot be done independent of 
knowledge of the properties of speech and acoustics; 
this is another extension of this work. 
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COMPLICATIONS OF PERCUTANEOUS ENDOSCOPIC 
GASTROSTOMY IN HEAD AND NECK CANCER PATIENTS 


SHARON E. GIBSON, MD 
BARRY L. WENIG, MD JAMES L. WATKINS, MD 


CHICAGO, ILLINOIS 


Percutaneous endoscopic gastrostomy (PEG) has been shown to benefit patients with resectable carcinoma of the head and neck, In 
order to determine whether patients with existing tumor or postresection anatomic changes of the upper respiratory tract can undergo this 
procedure with an acceptably low complication rate, 349 patients with attempted PEG were studied. The PEG procedure was successful 
in 114 of 122 carcinoma patients, as compared to 220 of 227 patients in a control group (patients with neurologic disease). Intraoperative 
somplications preventing PEG placement included pharyngeal or esophageal obstruction, inadequate transillumination of the abdominal 
wall, and respiratory distress and occurred in 7% of carcinoma patients and 3% of controls. The incidence of airway obstruction during 
endoscopy was equal between groups (1%). Postoperative complications related to the gastrostomy tube were more frequent in the non- 
head and neck cancer group (14% versus 5%). Younger age, fewer concomitant medical problems, and better nutritional status may ac- 


count for this difference. These findings suggest that preoperative, postoperative, and unresectable head and neck cancer patients are ap- 
propriate candidates for PEG, and postgastrostomy performance appears superior to that in other patient populations. 


KEY WORDS — complications, head and neck cancer, percutaneous endoscopic gastrostomy. 


INTRODUCTION population that may account for this disparity. 


Percutaneous endoscopic gastrostomy (PEG) has 


gained wide acceptance as a relatively safe and effi- MATERIALS AND METHODS 


cient means of enteral access.'** Its use in the man- A retrospective analysis was performed of all pa- 
agement of head and neck carcinoma has become a tients undergoing PEG at the University of Illinois 
recent focus of attention in the otolaryngology liter- College of Medicine and affiliated hospitals between 
ature. While most agree that PEG is beneficial for July 1988 and March 1991. Inpatient charts, tumor 
selected cancer patients, opponents to its routine registry, and endoscopic reports were searched to 
placement fear an unacceptably high complication document the primary diagnosis (reason for PEG), 
rate, resulting particularly from impedance by a tu- demographic characteristics, and outcome (success 
mor mass and respiratory distress during endoscopic or failure to accomplish PEG). Concomitant medi- 
insertion.* Postgastrostomy complications, especial- cal disease was assessed by the number of failed or 
ly in patients receiving concurrent chemotherapy, significantly impaired organ systems (cardiovascu- 
have been reported as high as 16% .?*” lar, pulmonary, renal, hepatic, hematopoietic, or 


endocrinologic). Laboratory estimation of nutri- 
tional status by serum albumin and hematocrit at 
the time of PEG was recorded. 


Our recent study of preoperative PEG in resect- 
able carcinoma patients did not substantiate these 
concerns.® We observed no instances of airway com- 


promise during 43 procedures and had a tube-re- Patients with a diagnosis of squamous cell carci- 
lated complication rate of less than 5%. These pa- noma of the head and neck were categorized by pri- 
tients, however, comprised a select group of pa- mary site, tumor stage, and disease status. Patients’ 
tients with primary, resectable malignancies of the disease status was designated as preoperative resect- 
head and neck. able, postoperative with no evidence of active dis- 
ease, or unresectable. Previous or concomitant irra- 
This study was undertaken to determine whether diation or chemotherapy, and its timing relative to 
candidacy for PEG applies to all patients with car- PEG, was noted. 


cinoma of the head and neck, including those 
awaiting resection and those who have had resec- 
tion as well as those with unresectable disease. Can- 
didacy is based on an acceptable complication rate 
as compared with a control group with normal head 
and neck anatomy. As the literature to date demon- 
strates a surprisingly low postgastrostomy complica- 
tion rate for head and neck cancer patients, we will 
also explore patient characteristics within each The PEG was performed in all patients under lo- 
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Patients undergoing PEG for non-head and neck 
carcinoma diagnoses comprised the control group. 
These included patients with inadequate oral ali- 
mentation due to altered mental status, chronic as- 
piration of central neurologic origin, neuromuscu- 
lar dysphagia, and cachexia associated with dissem- 
inated nonsquamous malignancies. 


Hey 


k 
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TABLE 1. DISTRIBUTION OF HEAD AND NECK 
CARCINOMA PATIENTS BY SITE AND STAGE 


meam manmanan RA teii wi ana manam annan anaa aaa tiii a PLA ee re a e ee 
aaraa aLaaa AE hihnan nananana iiini nea anana ii en n A oan: 


| Oral 
Larynx Tongue Tonsil Cavity Total 


Stage H 12 2 4 0 18 


Stage IH 10 7 7 1 35 
Stage IV 17 14 19 1 6] 
Total 39 23 30 22 114 


cal anesthesia with intravenous sedation (0.5 mg of 
Versed and 30 to 50 mg of Demerol). The operative 
procedure is performed as follows. With the patient 
in the supine position, a flexible fiberoptic gastro- 
scope is introduced perorally and advanced to the 
region of the gastric fundus. Transillumination of 
the anterior abdominal wall by the gastroscope di- 
rects the point of sterile puncture. A silk suture is 
passed through the puncture site and grasped by the 
endoscope, which is then brought out through the 
mouth. A 16F to 22F rubber gastrostomy catheter is 


secured to the orally extruded suture and pulled in- 


to the stomach by withdrawal of the suture through 
the abdominal wall. The tube is stabilized by inter- 
nal and external bolsters. Feedings are begun fol- 
lowing the return of bowel function, generally 
within 24 hours of placement. 


Failure to accomplish PEG within each group 
was documented. Reason for failure was attributed 
to pharyngeal or esophageal luminal obstruction 
preventing insertion of the gastroscope, inadequate 
transillumination of the abdominal wall to allow 
safe puncture, or intraoperative respiratory dis- 
tress. 


Gastrostomy-related complications, ie, those re- 
lated to the indwelling catheter, were sought and 
documented. Possible unfavorable events included 
major (sepsis, pulmonary aspiration, abdominal wall 
breakdown) as well as minor complications (gastro- 
paresis or ileus, cellulitis, chronic gastric leakage). 


RESULTS 


During the 32-month study period, PEG was at- 
tempted with 349 patients. Successful placement 
was achieved in 334, of whom 114 had existing or 
previous squamous cell carcinoma of the head and 
neck. The remaining 220 required PEG for primar- 
ily neurologic deficits. 


The distribution by primary site and stage® of 


TABLE 2, REASONS FOR FAILURE TO ACCOMPLISH 
PERCUTANEOUS ENDOSCOPIC GASTROSTOMY 





Carcinoma Neurologic 
Group Grou 
(n= 114) (n = 220) 
Pharyngeal or esophageal 
obstruction 3 (2.6%) 1 (0.5%) 
Inadequate transillumination 
of abdominal wall 4 (3.5%) 4 (1.8%) 
Intraoperative respiratory 
distress 1 (0.9%) 2 (0.9%) 
Total 8 (7.0%) 7 (3.2%) 


TABLE 3. POSTOPERATIVE GASTROSTOMY 
COMPLICATIONS IN HEAD AND NECK 


malaman en nananana aaa a a nT Oe A A Mummu eneee ytan ninnan nasas 


No. of Pts X 
Sepsis i 0.9 
Breakdown of abdominal 
wound l 0.9 
Heus ji 0.9 
Cellulitis 3 2.6 
Total (n= 114) 6 5.2 


amannman aa miia iriiria ana aa naana iiaii iien a AAAA A EAn A a e ee ie 


carcinoma patients with successful PEG is shown in 
Table 1. Of this group, 78 underwent PEG prior to 
primary resection, 13 postresection with no evi- 
dence of tumor, and 23 with unresectable disease. 
Twenty-six patients had received full-course pri- 
mary or postoperative radiotherapy prior to PEG. 
Chemotherapy consisting of 5-fluorouracil and cis- 
platin for two or three cycles was administered 
within 3 months of PEG in 15 patients. Three re- 
ceived chemotherapy prior to PEG: 12 began che- 
motherapy immediately afterward. 


Failure to accomplish PEG occurred in eight pa- 
tients in the head and neck carcinoma group (7%) 
and seven in the neurologic group (3%). Reasons 
for failure in each group are listed in Table 2. The 
incidence of intraoperative respiratory distress was 
equal between groups at 1%. 


Following successful PEG, six head and neck can- 
cer patients (5%) experienced gastrostomy-related 
complications (Table 3). No cases of aspiration or 
hemorrhage were observed. The patient in which 
abdominal wound breakdown occurred had com- 
pleted three cycles of chemotherapy 30 days before 
PEG insertion. 


Postoperative complications related to gastrosto- 
my occurred in 31 patients (14%) of the neurologic 
group, as listed in Table 4. Massive pulmonary aspi- 
ration was seen in 3 patients, resulting in respira- 
tory failure in all 3 and death in 1. Leakage of gas- 
tric contents, which was not seen in the carcinoma 
group, was chronic in 15 neurologic patients. 


Patient characteristics with possible bearing on 
gastrostomy-related complications are summarized 
in Table 5. Demographics include an age range for 
the carcinoma patients of 33 to 87 and a range of 41 
to 90 for the neurologic group. The male-to-female 
ratio was approximately 5:1 for head and neck can- 


TABLE 4. POSTOPERATIVE GASTROSTOMY 
_____ COMPLICATIONS IN NEUROLOGIC GROUP 


feteriewemamryainiiy 4 AIALA Yate Fria arena SA CTH Olan AEP etre ranana SOI PAA 











No, of Pis % 
Sepsis l 0.5 
Massive aspiration 3 1.4 
Ileus 2 0.9 
Breakdown of abdominal 
wound 4 L8 
Cellulitis 6 2.7 
Gastric leakage 15 G.R 


Total (n = 220) 31 l4 
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TABLE 5. PATIENT CHARACTERISTICS 


Carcinoma Neurologic 
Group Group 
Average age (y) 55 68 
No. of organ systems 
compromised 1 3 
Hematocrit (%) 37.8 28.2 
Serum albumin (g/dL) 3.5 3.0 


cer patients and 7:3 for the control group. Serum al- 
bumin (normal values, 4.0 to 5.5) and hematocrit 
(normal, 40.0 to 50.0) were decreased in both 
groups, but to a greater degree in the neurologic 
group. Statistical significance between the two 
groups, however, was not reached for either vari- 
able. 


DISCUSSION 


Gastrostomy has become the preferred means of 
alimentation for patients with chronic dysphagia 
and aspiration. The Stamm gastrostomy, in which 
concentric pursestring sutures are placed through 
the adjacent gastric musculature and mucosa, was 
introduced in 1894" and remains in use today. As- 
sociated problems including gastric leakage and 
tube dislodgment led to the development of perma- 
nent mucosal-lined gastrostomies, of which many 
modifications have been described.'' Reported com- 
plication rates with these procedures range from 
15% to 24% .° Major morbidity includes wound 
dehiscence, peritonitis, and hemorrhage and is 
largely related to the laparotomy required for these 
gastrostomies. 


The need for an open abdominal procedure has 
been virtually eliminated by the development of 
percutaneous gastrostomy placed via endoscopic 
visualization.! The PEG is performed routinely un- 
der local anesthesia. It is easily tolerated by patients 
with normal aerodigestive tract anatomy and car- 
ries an acceptably low risk of intraoperative compli- 
cations in this population." 


For patients with head and neck carcinoma, the 
ability to undergo PEG and its associated risks is of 
special interest. The distal gastrointestinal tract is 
usually intact and therefore amenable to enteral 
feedings. Dysphagia and aspiration from an existing 
tumor mass, postresection anatomic alteration, or 
mucositis from adjuvant irradiation and chemo- 
therapeutic regimens frequently prevent oral ali- 
mentation. The relative comfort, ease of manage- 
ment, and availability for long-term or intermittent 
use make gastrostomy a desirable means of enteral 
access for these patients. In addition, rehabilitation 
of speech and deglutition can proceed without the 
hindrance of a nasogastric tube and with nutrition- 
al supplementation as needed. It is therefore impor- 
tant to determine whether patients with head and 
neck cancer are good candidates for PEG. 


Postgastrostomy problems with gastroparesis, 


chronic leakage, abdominal wall cellulitis, or break- 
down and sepsis have occurred in up to 16% of pa- 
tients following PEG performed for neurologic de- 
bilitation.2*” Pulmonary aspiration after PEG has 
been reported in 36% of neurologically compro- 
mised patients,“ carrying a significant risk of mor- 
tality. In contrast, the observed gastrostomy-related 
complication rate in our initial study of patients un- 
dergoing primary resection of head and neck carci- 
noma was less than 5% .§ Shike et alë found a simi- 
larly low incidence in their cancer population in 
which the mean length of gastrostomy-dependent 
alimentation was 135 days. One case of aspiration 
pneumonitis was noted in their series. This disparity 
of complication rates between the head and neck 
cancer patients and those with neurologic indica- 
tions for PEG is reaffirmed in the current study. 
Five percent of the carcinoma group experienced 
postgastrostomy problems. Half of these had local 
cellulitis at the puncture site that resolved with en- 


_ teral antibiotic therapy. Only 1 patient developed a 


major complication, sepsis, requiring parenteral 
antibiotics and feedings. Similar complications 
were seen in the neurologic group, but at a signifi- 
cantly higher rate (14%). In addition, massive aspi- 
ration with subsequent pulmonary failure occurred 
in 3 patients. Chronic gastric leakage, a complica- 
tion not observed in the head and neck cancer pa- 
tients, was recorded in 15 patients in the neurologic 


group. 


These differences may be based on the more de- 
bilitated state of patients with advanced neurologic 
disease. The number of accompanying failed organ 
systerns parallels the increased age in the neurologic 
group. Patients with concomitant peripheral vascu- 
lar disease and metabolic or endocrinologic aberra- 
tions (eg, diabetes mellitus) have impaired wound 
healing and may be predisposed to development of 
chronic leakage or cellulitis at the catheter site. 
Similarly, malnutrition contributes to poor tissue 
integrity, local wound breakdown, and infection. 
Although both patient groups demonstrated low he- 
matocrit and serum albumin values, those in the 
neurologic group were more severely depressed. 


The incidence of gastrostomy-related complica- 
tions in patients receiving chemotherapy is an im- 
portant issue. Cytotoxic agents, often given in com- 
bination with radiotherapy, commonly cause mu- 
cositis of sufficient severity to prevent adequate oral 
nutrition, forcing patients to rely significantly on 
enteral supplements. Unfortunately, the fear of 
neutropenia and thrombocytopenia leading to bleed- 
ing, cellulitis, chronic drainage, or sepsis has 
prompted some authors to condemn PEG in the 
perichemotherapeutic period. We found only 1 of 
15 patients undergoing full-course chemotherapy 
within 3 months of PEG placement to develop 
wound breakdown, and it did not progress to sepsis 
and responded to local care. No episodes of temper- 
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ature elevation, bleeding, or overt sepsis were noted 
in this group. On the basis of these observations, we 
cannot support the routine rejection of all patients 
on a chemotherapeutic protocol from candidacy for 
PEG. Further studies involving larger patient num- 
bers and specific determination of platelet and 
white blood cell counts are needed to more accu- 
rately predict whether certain patients are at an un- 
acceptably high risk for this procedure. 


In the analysis of unsuccessful attempts at PEG, 
the failure rate was higher for the head and neck 
cancer patients than those in the neurologic group 
(7% versus 3%), These rates are in agreement with 
those in the existing literature, in which PEG was 
unsuccessful in 4% to 7% of attempts for all patient 
populations.***'* In both groups, inadequate trans- 
illumination of the abdominal wall was responsible 
for half of the placement failures. This was attribu- 
table to many factors, including anatomic altera- 
tion from previous gastrointestinal surgery, high- 
riding stomach (beneath an elevated left hemidia- 
phragm), and morbid obesity. As other patients 
with similar features underwent PEG uneventfully, 
poor outcome cannot adequately be predicted pre- 
operatively from these findings alone. 


Any contraindication to PEG in the head and 
neck cancer population therefore lies in the inabil- 
ity to successfully pass the gastroscope to the gastric 
fundus. This may arise in two situations: luminal 
narrowing with a diameter too small to accommo- 
date the endoscope, and intraoperative respiratory 
distress. Obstruction of the upper aerodigestive 
tract may occur at the level of the oral cavity, oro- 
pharynx, hypopharynx, or esophagus and may be 
due to tumor bulk, irradiation fibrosis, or postoper- 
ative changes. Advanced laryngeal lesions may also 
obscure the cricopharyngeal inlet. In our study pop- 
ulation, 61 of 114 patients had stage IV cancer, and 
only 1 with a tonsillar lesion involving the lateral 
and posterior walls failed PEG because of obstruct- 
ing tumor. Another patient had a concomitant 
esophageal carcinoma that prevented passage of the 
gastroscope. Of 14 patients with surgical alteration 
of the head and neck, one had a prohibitive pharyn- 
geal stricture. An additional 26 patients underwent 
PEG successfully following full-course radiother- 
apy; this finding suggests that irradiation-induced 
fibrosis does not generally hinder placement. Over- 
all, 3% of our carcinoma patients failed PEG be- 
cause of oropharyngeal or esophageal luminal ob- 
struction regardless of preoperative, postoperative, 
or unresectable disease status, Empirically, only pa- 
tients with tumors involving the pterygoid muscula- 


ture with severe trismus preventing peroral admit- 
tance of the endoscope should be routinely excluded 
as candidates for PEG. 


Intraoperative respiratory distress is a valid con- 
cern for head and neck cancer patients when instru- 
mentation is performed in the presence of a margi- 
nal airway. The routine administration of narcotics 
and sedatives prior to endoscopy certainly predis- 
poses to this complication. Hunter et alf advocate 
deferral of PEG until after tracheotomy or resection 
when managing posterior pharyngeal and pyriform 
sinus lesions. 


In this study, 9 carcinoma patients had a preexist- 
ing tracheotomy or laryngostoma at the time of 
PEG. In the remaining 105, PEG was attempted 
without a secured airway. This group included 19 
patients with stage IV pharyngeal lesions and 13 
with advanced (stage III or IV) pyriform tumors. 
One patient who had stage IV disease of the tonsil 
experienced respiratory distress intraoperatively. 
The risk of intraoperative complication with PEG 
for advanced lesions therefore does not appear pro- 
hibitive. In fact, airway compromise occurred with 
identical frequency in the neurologic group (1%). 
Although no mass impingement on the respiratory 
tract occurs in this group, altered mental status 
with poor airway protection and impaired clear- 
ance of secretions lead to respiratory decompensa- 
tion. Judicious administration of sedation is there- 
fore crucial in all patients. 


CONCLUSIONS 


Patients with preoperative or unresectable carci- 
noma of the head and neck, as well as those who 
have had resection, are candidates for PEG. The 
failure rate for endoscopic placement was 7%, as 
compared to 3% in controls undergoing PEG for 
neurologic disease. However, only half of the fail- 
ures in the carcinoma group were due to pharyngeal 
or esophageal obstruction. The incidence of respira- 
tory distress during PEG with advanced tumors did 
not exceed that of the control group. 


Head and neck cancer patients demonstrated a 
significantly lower rate of postgastrostomy compli- 
cations (5% versus 14%), which may be attributed 
to younger age, better nutritional status, and fewer 
concomitant medical problems within this group. 
These findings indicate that the risk of complica- 
tions with PEG is not prohibitive in head and neck 
cancer patients, and indeed they appear superior 
candidates for PEG as compared to our control 


group. 
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COMPARISON OF NEW TELESCOPIC 
VIDEO MICROLARYNGOSCOPIC AND 
STANDARD MICROLARYNGOSCOPIC TECHNIQUES 
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A new approach to microlaryngeal surgery using a specially designed video microlaryngoscope with a rigid endoscopic telescope and 
an attached video camera was introduced by Kantor et al in 1990. The ability to video document and perform surgery of the larynx by 
viewing a high-resolution television image was demonstrated. This method was recommended over the standard microscopic technique for 
increased visibility with greater depth of field, unimpeded instrument access, instant documentation, and superior teaching value. The 
authors tried this new method and the standard microscopic technique at the same sitting on a series of patients. This paper will compare 
these two different techniques and discuss their advantages and disadvantages. Although the new method has many advantages, the stan- 
dard microscopic technique remains as a valuable method in laryngeal surgery. 


KEY WORDS — Kantor-Berci video microlaryngoscope, standard microlaryngoscopy, video microlaryngoscopy. 


INTRODUCTION 


With the introduction of a surgical microscope to 
endoscopic laryngeal surgery by Kleinsasser et al‘ in 
the late 1960s, microscopic laryngoscopy came of 
age.? Microscopic laryngoscopy has since become 
the standard method for endoscopic surgery of the 
larynx. The use of a video camera for microlaryn- 
goscopy was introduced by Strong’ in 1970 and 
thereafter advocated by Tardy and Tenta,‘ Strong," 
and others.* Loré” advocated the use of a telescope 


for subglottic and anterior commissure lesions. Loré . 


stated that the combination of telescope with an op- 


tical biopsy forceps eliminates the microscope and 


affords precise visualization of the microlaryngosco- 
py procedure. 


At the 1990 Combined Otolaryngological Spring 
Meetings in Palm Beach, Florida, Kantor et al? in- 
troduced an ingenious approach to microlaryngeal 
surgery using a completely new video microlaryn- 
goscope equipped with a rigid telescope and an at- 
tached video camera. The ability to video docu- 
ment and perform surgery of the larynx by viewing 
a high-resolution television (TV) image was demon- 
strated. They stated that this new method provides 
a magnified high-resolution image without impos- 
ing the microscope between the operator and the 
patient; affords surgeons easier access for instru- 
mentation as well as giving greater depth of field; 
allows for instant documentation; eliminates the 
need to reposition or refocus the operating micro- 
scope while presenting a better view of the anterior 
commissure; and is the ideal method of choice in 
teaching microlaryngeal surgery. 


The authors tried the Kantor-Berci video micro- 
laryngoscopic technique and compared it with the 
standard microscopic technique at the same sitting 
on a series of patients. The purpose of this paper is 
to report the authors’ experience with these two dif- 
ferent techniques and discuss the advantages and 
disadvantages of each. 


MATERIAL AND METHOD 


Subjects. Because of the delayed availability of 
the Kantor-Berci videolaryngoscope system, the 
number of subjects was limited. Twenty-four con- 
secutive patients who underwent microlaryngos- 
copy from July 1990 to January 1991 were studied. 
Eleven were men and 13 were women. The ages 
ranged from 28 to 79, with a mean age of 53. On all 
24 patients, both the new Kantor-Berci video mi- 
crolaryngoscopic technique and the standard mi- 
crolaryngoscopic technique were tried at the same 
sitting. The distribution of disorders of the 24 pa- 
tients was as follows: polyps (12 cases), carcinoma 
(2 cases), papilloma (2 cases), cysts (3 cases), granu- 
loma (2 cases), hyperkeratosis (2 cases), and laryn- 
gocele (1 case). 


Equipment. The following equipment was used 
for this study: 1) a Kantor-Berci video microlaryn- 
goscope (Karl Storz 8590 VJ) with a specially de- 
signed telescope (Karl Storz 8575 A; total length, 
17.7 cm; proximal aperture, 2.7 x 1.9 cm; middle 
aperture, 2.6 x 2 cm; distal aperture, 1.6 x 3.4 cm; 
Figs 1 and 2); 2) an Elmo EM 202 micro charge-cou- 
pled device (CCD) color video camera (Fig 2; used 
with a Karl Storz C-mount adapter) and a Karl Storz 
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Yanagisawa et al, Telescopic Video Microlaryngoscopy 93 
Fig 4. Supraglottic fibroma. A,B) Telescopic views (taken with Karl Storz Supercam). Note sharply focused cup forceps 
and its shaft in B. C,D) Microscopic views (taken with Hitachi DK5050), Note sharply focused cup forceps with blurred 
shaft in D. 
Supercam micro CCD color video camera (9050B: 3); 5) a Dedo laser microlaryngoscope (Pilling 
Fig 2), which has a built-in adapter for a telescope; 02-2228; total length, 17.6 cm; proximal aperture. 
3) xenon light sources (Karl Storz 487C and 615); 4) 2.1 x 2.1 cm; middle aperture, 1.5 x 2.5 cm: distal 
a Zeiss operating microscope with a beam splitter aperture, 1.4 x 3.0 cm; Fig 1); 6) a Pilling Lumina- 
and an adapter for a microscopic video camera (Fig tor 2X; 7) a Hitachi DK5050 three-tube camera (Fig 
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Fig 5. Technique of simultaneous telescopic and i 
microscopic video microlaryngoscopy. Monitor 1 


(right middle) shows telescopic view. Monitor 2 
(left top) shows microscopic view. 
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Fig 6. Instrumentation. A) Telescopic view (taken with Elmo EM 202). Papilloma on left true vocal cord grasped with 
forceps. B) Microscopic view. Papilloma on left vocal cord grasped with forceps (same patient as in A). C) Telescopic 
view (taken with Elmo EM 202). Polyp on right true vocal cord grasped with forceps obstructing view of polyp. D) Mi- 
croscopic view. Large polyp being grasped with cup forceps and excised with microscissors (bimanual instrumentation). 


3); 8) two Sony VO 5600 video recorders; 9) two 
Sony 19-in color monitors; and 10) a Sony UP-5000 
color video printer. 


Techniques. Under general anesthesia by means 
of a No. 6 endotracheal tube, the patient was pre- 
pared for microlaryngoscopy in the supine position. 
First, the Kantor-Berci laryngoscope was passed, 
positioned, and suspended by means of the Lewy la- 
ryngoscope holder. An Elmo EM 202 or a Karl Storz 
Supercam micro CCD color video camera was at- 
tached to the telescope, which had been inserted in- 
to the telescope channel built into the left sidewall 
of the Kantor-Berci microlaryngoscope (Fig 2). The 
telescope was then connected to the xenon light 
source (Karl Storz 487C or 615) by using a light ca- 
ble. After the optimal exposure of the larynx was 
obtained, video recording was started. The entire 
surface of the vocal cords, particularly the anterior 
commissure, was examined well. Mucus, if present, 
was suctioned out. Laryngeal lesions were carefully 
examined and palpated with a microcup forceps. 
After adequate video recording was made, the Kan- 
tor-Berci laryngoscope was removed. Figure 4A,B 
shows telescopic images of a laryngeal lesion ob- 
tained by the Kantor-Berci system. 


The Dedo laser microlaryngoscope was then passed 
into the larynx and suspended by using the same la- 
ryngoscope holder. The microscope, to which the 
Hitachi DK5050 three-tube camera was attached, 
was brought in and the larynx was examined. La- 
ryngeal lesions were manipulated with the same 
equipment used for the Kantor-Berci system. The 
necessary biopsy or excision of the laryngeal lesions 
was then made. The entire procedure was video re- 
corded. Figure 4C,D shows microscopic images of a 
laryngeal lesion obtained by the standard micro- 
scopic system. 


After the video recordings had been compiled, 
they were critically reviewed by all the authors. 
Each examination was evaluated for technical ease 
on the basis of the amount of time and the number 
of attempts needed to obtain the optimal view of 
the larynx. Instrumentation difficulty, degree of vi- 
sualization, image quality, and documentation val- 
ue were assessed and assigned a score of 1 to 4. 


In the last five patients, both telescopic video mi- 
crolaryngoscopic and standard microscopic tech- 
niques were simultaneously employed by using the 
Kantor-Berci video microlaryngoscope (Fig 5). The 
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Fig 7. Instrumentation and visualization. A) Microscopic view. Simulated left-sided vocal cord polyp being removed with 
cup forceps. B) Microscopic view. Simulated right vocal cord polyp grasped with cup forceps. Note unobstructed view o! 
polyp. C) Telescopic view (taken with Karl Storz Supercam). Simulated left vocal cord polyp being grasped with cup for- 
ceps. Note distortion of square grids in background. D) Telescopic view (taken with Karl Storz Supercam). Simulated 
right vocal cord polyp being grasped with cup forceps. Note obstruction of view of polyp by cup forceps resulting from 
telescopic lens positioned at lower end of laryngoscope lumen on left side. 


Kantor-Berci videolaryngoscope was first passed, 
and the image obtained by a miniature CCD video 
camera was projected on monitor 1. By using the 
same Kantor-Berci videolaryngoscope, the larynx 
was examined with the Zeiss operating microscope, 
to which the Hitachi DK5050 three-tube video 
camera was attached. The microscopic image was 
projected on monitor 2. Laryngeal examination and 
surgical procedures were recorded. A synchronized 
dual image master tape was generated and used for 
comparative study. 


RESULTS 


Comparison of the telescopic and microscopic 
techniques was made from the standpoint of ease of 
laryngoscope insertion, ease of instrument manipu- 
lation, degree of visualization, image quality, and 
documentation. 


Laryngoscope Insertion. Twenty-four patients 
underwent the Kantor-Berci video microlaryngo- 
scopic technique and the standard microlaryngo- 
scopic technique using the Dedo laryngoscope. The 
insertion of the Kantor-Berci scope was unsuccessful 


in three patients and difficult in four patients. In- 
sertion difficulty was primarily due to the large size 
and straight outer contour (without an hourglass 
narrowing in its middle portion) of the Kantor-Ber- 
ci laryngoscope and the unfavorable oral anatomy 
of the patients. Insertion of the Dedo laryngoscope 
for the microscopic technique was unsuccessful in 
one patient and difficult in another. 


In one patient, who had a full set of teeth and a 
short neck with an anteriorly placed larynx, neither 
the Kantor-Berci laryngoscope nor the Dedo laryn- 
goscope could be passed. The procedure became 
possible by the use of the hourglass-shaped Holinger 
anterior commissure 17 H laryngoscope, which was 
passed through the lateral oral approach. A small 
anterior commissure lesion could be visualized and 
removed by using a telescope passed through the 
Holinger laryngoscope. 


Instrumentation. With the microscopic system, 
the increased distance between the surgeon and the 
patient made the insertion of instruments into the 
laryngoscope awkward and intraluminal! bimanual 
instrumentation sometimes difficult. In the absence 


56 Yanagisawa et al. Telescopic Video Microlaryngoscopt 
y py 





Fig 8. Visualization of anterior larynx. A) Telescopic view (taken with Elmo EM 202). Papilloma arising from anterior 
commissure of right true vocal cord (technically difficult case). Note excellent view of anterior end of tumor. B) Micro- 
scopic view. Same papilloma as shown in A. Note that anterior extent of tumor could not be seen. C) Telescopic view 
(taken with Elmo EM 202). Multiple polyps arising from anterior third of right true vocal cord, left true vocal cord, and 
subglottic region. D) Microscopic view. Same polyps as shown in C, showing sharply focused polyps arising from anterior 
third of right true vocal cord, left true vocal cord, and subglottic region. 


of the microscope, instrument insertion was made 
easier with the telescopic system. However, instru- 
ment manipulation within the Kantor-Berci laryn- 
goscope was not always easy — particularly hori- 





Fig 9. Inside lumen of Kantor-Berci video microlaryngo- 
scope (taken with Hitachi DK5050). Note that telescope 
lens is situated at distal portion of laryngoscope lumen on 
left side. Note also suction (air or oxygen) attachment on 
right side. 


zontal movement. Instrument movement (the han- 
dle of forceps) toward the left while working on the 
right laryngeal lesion was limited because of the 
telescopic housing at the proximal opening of the la- 
ryngoscope on the left side (Fig 2). 


With the Kantor-Berci system, the instrument 
could not be seen as it was being passed through the 
laryngoscope until it passed the tip of the telescope. 
With the microscopic system, the instrument could 
be seen during its passage, although it was out of 
focus (Figs 6B and 7A,B). 


With the Kantor-Berci system, the telescope per- 
mitted extended visualization of the anterior anat- 
omy of the larynx that was hidden by the laryngo- 
scope blade (Fig 8A). Accordingly, the anterior hid- 
den sites could not be reached with a straight 
forceps, necessitating the use of a specially designed 
angulated forceps. 


The telescope on the Kantor-Berci system lies in a 
channel along the left side of the laryngoscope, 
while the smoke evacuator (air or oxygen connec- 
tor) attachment is on the right side (Fig 9). These 


Yanagisawa et al, Telescopic Video Microlaryngoscopy 57 





Fig 10. Visualization. A) Telescopic view (taken with Elmo EM 202) showing anterior polypoid mass. Posterior half of 
larynx could not be seen. B) Microscopic view of same patient as shown in A (taken with Hitachi DK5050), showing well-ex- 
posed polypoid masses along entire course of vocal cords on both sides. C) Telescopic view of verrucous carcinoma of left 
vocal cord showing only anterior half of tumor (taken with Elmo EM 202). Posterior one third could not be visualized. D) 
Microscopic view of same patient as shown in C, showing entire extent of tumor arising from true and false cords (taken 


with Hitachi DK5050). 


attachments interfered with the movement of in- 
struments during bimanual instrumentation micro- 
laryngeal surgery. 


Visualization. With the Kantor-Berci technique, 
we were unable to visualize the anterior commis- 
sure in three patients. The anterior commissure was 
poorly visualized in four patients (Fig 10A). The 
difficulty was due to the size of the laryngoscope in 
relation to the patients anatomy. With the Dedo 
laryngoscope we were unsuccessful in visualizing 
the anterior commissure in one patient, while ex- 
posure was poor in three others (Fig 8B). In all of 
these cases of poor exposure of the anterior commis- 
sure, the procedure became possible when the ante- 
rior commissure was visualized by applying digital 
pressure over the thyroid cartilage. 


In the majority of cases, we were able to visualize 
the entire surface of the vocal cords with both sys- 
tems (Figs 4 and 6). However, with the Kantor- 
Berci system, visualization of the entire surface of 
the vocal cords was not possible in three patients 
and was difficult in six others (Fig 8A,C). The diffi- 
culty was considered to be due to the design of the 


Kantor-Berci video microlaryngoscope, which was 
built with a special emphasis on examining the an- 
terior larynx. When the fixed-focus video camera 
was used, the larynx could not be examined (zoomed 
out) under lower magnification. This meant visual 
sacrifice of the posterior larynx in favor of the ante- 
rior anatomy (Fig 8A,C). With the Dedo laryngo- 
scope we were unable to visualize the entire surface 
of the vocal cords in one patient and encountered 
difficulty in four others (Fig 8B,D). 


With the microscopic technique, the larynx could 
be examined and operated on at 6x, 10x, 16x, 25x. 
and 40x magnifications (Fig 11). The ideal-size im- 
age was obtained when the magnification of the 
Zeiss operating microscope was set at 25x by using a 
400-mm focal length lens (Figs 4C,D; 6B,D; 8D: 
and 10B,D). With the Kantor-Berci technique, dif- 
ferent magnifications became possible with the use 
of the Karl Storz Supercam 9050B camera, al- 
though the magnification range was limited as com- 
pared to microscopic magnification (Fig 11A-C). 
The dials for zooming and focusing were stiff and 
somewhat difficult to adjust during the operation. 
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Fig 11. Magnification. A-C) Telescopic view of supraglottic fibroma taken by Karl Storz Supercam at A) low, B) middle, 
and C) high magnifications. D-H) Microscopic views of same supraglottic fibroma taken with Hitachi DK5050 at differ- 
ent magnifications (original x6, x10, x16, x25, and x40, respectively). 


With both microscopic and telescopic techniques, it 
was necessary to refocus at different magnifica- 
tions. With the microscopic technique, both vocal 
cords received equal amounts of illumination from 
the distal ends of the fiberoptic light carriers on 
both sides of the Dedo laryngoscope (Pilling 52-2228), 
as well as from the microscope light. Because of the 
position of the telescope and light source on the left 
side of the Kantor-Berci laryngoscope, left-sided le- 
sions were well illuminated during instrumentation 
(Figs 6A and 7C), while the view of right-sided le- 
sions was occasionally obscured by the instruments 
(ie, shaft of forceps; Figs 6C and 7D). 


Image Quality. High-quality images were ob- 
tained with both the Kantor-Berci system and the 
microscopic system (Figs 4, 6, 8, and 10). Depth of 
field and resolution of images obtained with the 
Kantor-Berci technique were consistently better 
than those obtained with the microscopic technique 
(Figs 4A,B, 6A, and 8A). With the Kantor-Berci 
technique, all the objects, including the instrument 
and its shaft, the true and false vocal cords, the 
subglottic area, and even the inflated endotracheal 
tube and cuff, were in focus (Figs 4A,B and 6A,C). 
With the microscopic technique the depth of field 
was shallower; however, the object could be fo- 


cused sharply at any given plane, such as the true 
vocal cords (Figs 4C,D and 6B,D). The cup of the 
forceps grasping the laryngeal lesion could be fo- 
cused well, although its shaft was out of focus or not 
visible (Fig 6D). The depth of field of the micro- 
scopic view was often deeper than expected (Figs 


4C,D and 8D). 


Both systems produced excellent color quality. 
The images obtained by the Kantor-Berci system 
were somewhat bluish in color (Fig 8A,C), while 
those produced by the microscopic system had an 
orange tint (Fig 8B,D). The difference in color was 
considered to be due to the temperature difference 
between the xenon light source used with the 
Kantor-Berci system and the tungsten bulbs used 
with the microscopic system. 


With the Kantor-Berci system, there was some 
distortion of the image because of the small size and 
position of the telescope attached to the lower left 
end of the laryngoscope (Figs 7C,D and 9). Al- 
though the visual field was somewhat limited, the 
microscopic system produced very little distortion 
of image (Fig 7A,B). On careful examination, some 
asymmetry of visual fields was noted, as demon- 
strated on the square grids in the background of the 
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simulated telescopic view (Fig 7C,D). Note the 
symmetry of the background grids of the simulated 
microscopic view (Fig 7A,B). 


Documentation. Video images obtained with 
both techniques were easily documented with the 
use of video recorders and video printers. The Sony 
UP-5000 color video printer produced color prints 
instantaneously. High-quality hard copies of the 
video images were obtained by both systems (Figs 4, 
6, 8, 10, and 11). The ease of obtaining video re- 
cordings and color prints was equal between these 
two systems. However, as far as quality of image is 
concerned, the telescopic system provided superior 
documentation because of the greater depth of 


field. 


COMMENTS 


Both the Kantor-Berci and standard microscopic 
systems have their own merits. The advantages and 
disadvantages of each technique are discussed be- 
low. 


Advantages of Kantor-Berci Video Microlaryngo- 
scopic System, This system gives a magnified high- 
resolution image of the larynx. Excellent visualiza- 
tion of the anterior larynx (particularly the anterior 
commissure) is possible when the laryngoscope can 
be passed. Greater depth of field can be obtained 
with the use of a Hopkins telescope. No focusing is 
needed (when the same magnification is used dur- 
ing the procedure). It provides an unobstructed 
view of the larynx without imposing a microscope 
between the surgeon and the patient. Insertion of 
an instrument into the laryngoscope is easy. It is an 
excellent method of documentation and teaching. 
Instant color video printouts are possible. ®-° 


Disadvantages of Kantor-Berci System. The equip- 
ment is costly. The inclusive cost without a video 
camera is approximately $10,000 (1991), including 
the Karl Storz 615 xenon light source. The Super- 
cam video camera is approximately $9,000. Inser- 
tion is not always easy because of the large size and 
straight outer contour of the Kantor-Berci laryn- 
goscope. It is particularly difficult for patients with 
unfavorable anatomy (full set of teeth, anteriorly 
positioned larynx, temporomandibular joint fixa- 
tion, narrow alveolar arches with deep mouth, large 
tongue, etc). The anterior and posterior larynx may 
not be visualized simultaneously in some patients, 
because the Kantor-Berci laryngoscope is designed 
to show the anterior larynx. Instrument manipula- 
tion may not be easy, particularly with a right-sided 
vocal cord lesion. Special instruments are needed 
(eg, angulated forceps, laser adapter). Focusing is 
necessary at different zoom magnifications when 
the Supercam 9050B is used. There is some image 
distortion due to the telescope objective lens’s being 
located distally on the left side of the laryngoscope 


lumen. The operation is entirely dependent on a TV 
image. If the screen is small, minor lesions cannot 
be well appreciated. In case of a video equipment 
problem, surgery cannot be performed and a dif- 
ferent system has to be employed. No pediatric 
Kantor-Berci video microlaryngoscope is available. 


Advantages of Microlaryngoscopic System. The 
equipment is already available in most medical 
centers, including a laser adapter. The system is 
familiar to most surgeons. Higher magnifications 
can be easily and quickly obtained, producing a 
very sharp image at the plane of focus, allowing 
visualization of and operation on a minute lesion 
via the microscopic binocular eyepiece rather than 
a TV screen. Surgery thus may be performed more 
precisely and confidently. Microlaryngoscopes are 
available for both pediatric and adult patients. 
Televised microlaryngoscopy is an excellent method 
of teaching. Instant color video printouts can be ob- 
tained for documentation and the patient’s record. 


Disadvantages of Microlaryngoscopic System. It 
provides a shallower depth of field. The microscope 
is placed between the surgeon and the patient, mak- 
ing instrumentation more difficult. A light-sensitive 
miniature video camera and light source are needed. 
The operation may have to be done through one 
eyepiece because of the small proximal opening of 
the Dedo laryngoscope. With a change in magnifi- 
cation, refocusing is necessary. 


The Kantor-Berci system produces a clear, sharp 
image of the larynx by using an entirely new video 
microlaryngoscope with a built-in Hopkins tele- 
scope, a bright xenon light source, a highly sensitive 
CCD camera, and a large high-resolution monitor. 
The microscopic system generally uses a standard 
light source for a microscope and a laryngoscope. 
To obtain high-quality laryngeal images with the 
microscopic system, we suggest the use of the Dedo 
(or Ossoff) laser video microlaryngoscope with two 
large light carriers, a bright light source for the 
microscope (even an extra supplemental illuminator 
such as the Benjamin-Havas clip), and a sensitive 
miniature CCD camera or a three-tube or three- 
chip video camera (Hitachi DK5050 or Sony three- 
chip CCD DXC 750). 


One should realize that with the Kantor-Berci 
system, microsurgery cannot be performed without 
a video camera, while with the microscopic system, 
microlaryngoscopy can still be accomplished even 
though a video system malfunctions. 


For both telescopic and microscopic techniques, 
we recommend the use of a newer color video 
printer such as the Sony UP-5000. With these newer 
color video printers, instantaneous superior-quality 
documentation is possible (Figs 4, 6, 8, and 10), 
With the Sony UP color video printers, the images 
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obtained by color video printouts are often much 
better than those shown on the monitor sereen. 


The problems we encountered with the Kantor- 
Berci video microlaryngoscope were mainly related 
to 1) the contour and large size of the laryngoscope, 
resulting in insertion difficulty, and 2) the position 
of the telescope, resulting in some distortion and 
visualization problems. Our insertion failure might 
have been due to the fact that we happened to have 
a series of patients with unfavorable oral anatomy. 
However, we felt that laryngoscope insertion could 
be made much easier if the video microlaryngo- 
scope had an hourglass shape in its middle portion. 


With further refinement of the present Kantor- 
Berci video microlaryngoscope and with the addi- 
tion of. a pediatric video microlaryngoscope, the 


Kantor-Berci telescopic system will, in our opinion, 
receive a much wider acceptance by laryngologists. 


SUMMARY 


The Kantor-Berci system provides superior vis- 
ualization of the anterior larynx with an exception- 
al depth of field. It is a most effective method of 
documentation of microsurgery of the larynx. The 
microscopic technique has the advantage of visual- 
ization and documentation at various magnifica- 
tions, allowing a precise diagnosis and surgical pro- 
cedure. The microscopic system provides much bet- 
ter depth of field than generally expected. In spite 
of the many advantages of the new Kantor-Berci 
system, the time-tested standard microscopic tech- 
nique will remain a valuable technique in microla- 
ryngeal surgery. 
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LOWER COMPLICATION RATES ASSOCIATED WITH BRONCHIAL 
FOREIGN BODIES OVER THE LAST 20 YEARS 


ANDREW F. INGLIS, JR, MD 
SEATTLE, WASHINGTON 


DAVID V. WAGNER, MD 


KANSAS City, KANSAS 


A retrospective comparison of all endoscopic bronchial foreign body (BFB) removals performed at Children’s Hospital and Medical 


Center, Seattle, Washington, during two separate 5-year periods is re 
1969, and 119 patients between July 1, 1984, and June 30, 1989. Bron 


ported. There were 54 patients between July 1, 1964, and June 30, 
choscopic removal of foreign bodies in the late cohort was performed 


almost exclusively with Hopkins telescope~guided foreign body graspers as opposed to traditional forceps guided by the naked eve in the 


first group, There were no differences in the average age, foreign body 


type, anesthetic technique, operative length, or anatomic distribu- 


tion between cohorts, There were significantly fewer complications in the late cohort than the early. Complication rates increased with the 
duration of the BFB in situ. There were significantly fewer missed BFBs at initial bronchoscopy in the late cohort (4) than the early (10). 
Inability to endoscopically remove the BFB resulted in thoracotomy in 3 patients in the early cohort and 1 patient in the late cohort, There 
was one instance in which foreign body migration from right to left main stem occurred during the delay between diagnosis and operation, 
resulting in the necessity for emergent bronchoscopy with the patient in extremis. Prom pt endoseopy in patients with suspected BFBs using 
the Hopkins rod bronchoscopic system will result in fewer complications and fewer missed foreign bodies. 


KEY WORDS — bronchoscopy, complications, foreign bodies. 


INTRODUCTION 


The diagnosis and management of foreign body 
aspiration is extremely important. Missed or de- 
layed diagnosis can result in respiratory difficulties 
ranging from chronic wheezing or recurrent pneu- 
monias to life-threatening airway obstruction or 
lung abscess. The annual incidence of death from 
foreign body aspiration has been estimated to be be- 
tween 500 and 2,000 in the United States,'? and 
there is no evidence that the incidence of aspirations 
is declining.’ A significant advance in bronchoscopy 
was the introduction of the Hopkins telescope in 
1976 and telescope-guided forceps subsequently.’ 
Because acquisition and maintenance of these in- 
struments requires a significant commitment from 
the hospital operating room, this study was under- 
taken to assess the impact these instruments and 


other clinical trends in the management of foreign 
bodies may have on clinical outcomes. 


MATERIALS AND METHODS 


A retrospective chart review of all cases of foreign 
body aspiration treated at Children’s Hospital and 
Medical Center, Seattle, Washington, during two 
separate 5-year periods is reported; a total of 173 
patients undergoing treatment for bronchial foreign 
body (BFB) aspiration were reviewed. The early co- 
hort consisted of 54 patients between July 1, 1964, 
and June 30, 1969, and the late cohort consisted of 
119 patients between July 1, 1984, and June 30, 
1989. Each chart was reviewed and patient char- 
acteristics, clinical presentation, time to diagnosis, 
techniques for removal, type of BFB found, length 
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Fig 1. Age distribution of patients in early and 
late cohorts, 
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Early Cohort 


of operation and hospital stay, surgeon, and com- 
plications were noted. Laryngotracheal foreign 
bodies were excluded. 


RESULTS 


Age. The patient age distribution was com- 
parable in both cohorts. The average age was 32 
months in both cohorts and median ages were 21 
and 20 months for the early and late cohorts, re- 
spectively. Ages ranged from 6 months to 16 years 
in the early cohort and 6 months to 14 years in the 
late cohort. Age distribution is shown in Fig 1. Most 
patients were between 12 and 24 months of age. 


Sex. The male to female distribution was consis- 
tent between cohorts. There were 71% boys in the 
early cohort and 73% boys in the late cohort. 


Foreign Body Type. The BFBs were grouped into 
three categories: food, toys, and other. Food totaled 
77% of foreign bodies in both cohorts. Nuts made 
up 57% and 55% of BFBs in early and late cohorts, 
respectively. Raw carrot fragments and popcorn 
kernels were also common. Toys made up 6% of the 
early cohort and 8% of the late cohort. Repeatedly 
encountered toys in the late cohort included three 
patients with crayon fragments and four with Lite 
Brite pegs. The breakdown is diagramed in Fig 2. 
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Fig 2. Types of bronchial foreign bodies encoun- 
tered. Mise — miscellaneous, 


Late Cohort 


Clinical Presentation. A spectrum of respiratory 
distress ranging from none to severe with cyanosis 
was observed. The classic symptom triad of cough, 
wheezing, and unilaterally diminished breath sounds 
was present in nearly 65%. Three patients, less than 
2%, presented in acute respiratory distress. One 
had bilateral BFBs and two appeared to have laryn- 
gotracheal foreign bodies that migrated to the bron- 
chi. 


We recorded the time period between BFB as- 
piration and treatment. In cases with no witnessed 
episode of aspiration an estimate was made. The 
distribution was virtually identical between co- 
horts, as shown in Fig 3. Forty-nine percent of pa- 
tients received diagnoses within 24 hours. Diagnosis 
was made between 1 and 30 days after the onset of 
symptoms in 42%. Eleven percent did not receive 
diagnoses within 30 days of the presumed aspira- 
tion. One child suffered pulmonary symptoms for 2 
years prior to bronchoscopy. 


Interval Between Time of Diagnosis and Bron- 
choscopy. Estimates of the time interval between 
diagnosis and bronchoscopy were made. The aver- 
age delay between diagnosis and bronchoscopy was 
under 9 hours in both cohorts. There was one clear- 
cut episode of precipitous deterioration of a patient’s 
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COMPLICATIONS AND THEIR RELATIONSHIP TO 
INITIAL BRONCHOSCOPY AT CHILDREN’S HOSPITAL 





AND MEDICAL CENTER 
Arising 
Present Intraop 


Preop or Postop Total 
Complication No. % No. % No. % 


Atelectasis, persistent 
wheezing, or 
subglottic edema 


Early cohort 3 6 6 il 9 17 
Late cohort 5 4 3 3 8 7 
Pneumonia 
Early cohort 5 9 1 2 6 ll 
Late cohort 5 4 0 0 5 4 
Dental injury 
Late cohort ] l 1 1 
Pneumomediastinum 
Late cohort 1 1 l 1 
Pneumothorax 
Early cohort 1 2 1 2 
Late cohort 2 2 2 2 
Missed BFBs* 
Early cohort 5 9 5 9 lof 18 
Late cohort 2 2 2 2 4t 3 
Prior tracheotomy 
performed to secure 
airway 
Late cohort 1 l 1 1 
Pulmonary lobectomies 
for incomplete BFB 
removal and/or 
pulmonary abscess 
Early cohort 3 6 3 6 
Late cohort 1 1 l l 
Major complications 
Early cohort 2 4 3 6 5 9 
Late cohort 2 2 1 1l 3 3 
Total patients with 
complications 
Early cohort 14 26 10t 19 94t 44 
Late cohort 13° Il 5f 4 18t 15 


Preop — preoperatively, Intraop — intraoperatively, Postop — post- 
operatively, BFB — bronchial foreign body. 


*Preop column shows patients with initial bronchoscopy performed out- 
side this hospital; Intraop and Postop columns show patients with ini- 
tial bronchoscopy performed at this hospital. 


tp<.05 (x2). 


respiratory status during the delay between diagno- 
sis and bronchoscopy, leading to an emergent yet 
uncomplicated bronchoscopic removal. Findings in 
this case included a proximal right main stem nut 
fragment, a ring of mucosal edema in the proximal 
left main stem, and a distal left main stem nut frag- 
ment. Clinical and endoscopic findings suggested 
that a nut fragment in the left main stem migrated 
to the right main stem, leading to severe ventilatory 
compromise. 


Anesthetic. Ninety-eight percent of the bron- 
choscopies were performed with an inhaled halo- 
thane anesthetic technique. Intraoperative ar- 
rhythmias occasionally forced a change to isoflu- 
rane. The remaining 2% were performed with a re- 


laxant technique. Standard cardiopulmonary moni- 
toring was used in the early cohort; this plus end-ti- 
dal carbon dioxide and pulse oximetry were moni- 
tored in the late cohort. 


Length of Operation. The average length of 
operation was 26 minutes in both cohorts, ranging 
from 5 to 120 minutes in the early cohort and 3 to 9 
minutes in the late cohort. 


Location of Foreign Body. The distribution of 
BFBs within the tracheobronchial tree was similar 
in both cohorts. Thirty-three percent were in the 
right main stem of early cohort patients, versus 
39% in the late cohort. Figures for the left main 
stem are 33% and 34%, respectively. The rest were 
in lobar or segmental branches. Multiple BFBs were 
present in 18% of the early cohort and 19% of the 
late. 


Equipment. The early cohort patients were oper- 
ated on with Pilling rigid bronchoscopes with distal 
lighting and traditional foreign body forceps. The 
late cohort patients were operated on with the Karl 
Storz pediatric bronchoscopes with visualization 
enhanced by the Hopkins telescope system. In the 
majority of cases BFBs were removed by using ei- 
ther the telescope-guided foreign body forceps or a 
Fogarty catheter and a bronchoscopic telescope. 


Length of Hospitalization. Total hospitalization 
of less than 48 hours took place in 70% of the early 
cohort patients and 90% of the late cohort patients. 
Hospitalization for more than 24 hours for wheez- 
ing or pneumonias with undiagnosed BFBs oc- 
curred in 7% (longest, 13 days) of the early cohort 
and in 2% (longest, 4 days) of the late cohort. Post- 
operative hospitalization for longer than 2 days oc- 
curred in 26% (longest, 33 days) of the early cohort 
and in 6% (longest, 13 days) of the late cohort. 


Operator Experience. In the early cohort, 29 of 
54 bronchoscopies (54%) were performed by a 
single surgeon. The remaining 25 patients were 
distributed among 10 surgeons. In the late cohort, 
58 patients and 30 patients, respectively, were 
treated by 1 of 2 surgeons (74%) and the remaining 
31 patients were distributed among 15 surgeons. In 
both cohorts the majority of surgeons performed no 
more than 2 BFB removals in the period studied. 


Complications. There were no deaths in either 
cohort. Complications were defined as conditions 
or actions leading to ongoing morbidity in the pa- 
tient during the period following bronchoscopy. 
These included preoperative disorders requiring 
continued postoperative inpatient treatment as well 
as disorders arising during bronchoscopy or post- 
operatively. Complications were categorized as ma- 
jor or minor. Major complications were defined as 
those requiring more than 1 week of hospitalization 
postoperatively or open surgery for treatment. In- 
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Fig 4, Complication rate versus duration of 
bronchial foreign bodies in situ. 


MMM Major Complications 2 Total Complications 


traoperative anesthetic difficulties or complications 
were not included in the following tabulations un- 
less they led to ongoing postoperative morbidity. 
Determining the nature and seriousness of intraop- 
erative anesthetic difficulties was impossible be- 
cause of a lack of uniform anesthetic record-keeping 
and a wide variation in the types of intraoperative 
monitoring used both within and between groups. 


Postoperative atelectasis, wheezing, and stridor 
from subglottic trauma that required postoperative 
hospitalization for more than 24 hours were con- 
sidered minor complications even if no further mor- 
bidity resulted. 


Complications and their relationship to initial 
bronchoscopy at Children’s Hospital and Medical 
Center for the two cohorts are listed in the Table. 
The complications of atelectasis, persistent wheez- 
ing, and stridor from subglottic trauma are listed 
together because these conditions were frequently 
indistinguishable on the basis of the information in 
the record. Overall, 44% of the patients in the early 
cohort had complications; 22% had complications 
not evident preoperatively. This was reduced to an 
overall rate of 15% and an intraoperative and 
postoperative rate of 4% in the late cohort. These 
reductions in complication rates were statistically 
significant (p<.05, x? test). The major complica- 
tion rate was 9% in the early cohort and 3% in the 
late cohort. 


Of special note is the marked reduction in missed 
or incompletely removed BFBs, both from within 
our institution and referred from without. This dif- 
ference is highly significant (p< .05, x? test). 


Complication rate versus time between aspira- 
tion and diagnosis for the two cohorts is listed in Fig 
4. A clear trend for increasing complications with 
increasing duration of the BFB in situ was seen. It is 
also apparent that in every category except one, 
complications in the later cohort were lower than in 
the early cohort. 


Complication rate versus operator experience was 
also examined, Surgeons performing two or more 
bronchoscopies for BFBs per year were compared 
with those performing fewer. For the early cohort 
the overall complication rate for the “more experi- 
enced” surgeons was 37% versus 52% for the “less 
experienced.” The major complication rate was 7 % 
versus 12% (“more” versus “less”). Corresponding 
figures for the late cohort were an overall complica- 
tion rate of 13% (more experienced) versus 23% 
(less experienced) and a major complication rate of 
2% (more) versus 0% (less). None of these differ- 
ences were statistically significant. 


DISCUSSION 


The goals of this study were to examine the safety 
of bronchoscopy for BFB removal in a historical 
context by looking for clinical trends and any im- 
pact provided by the improved visualization from 
Hopkins telescopes. Several conclusions can be 
drawn. 


Our two study populations were strikingly simi- 
lar in terms of sex, age, and types of foreign bodies 
aspirated. The similar makeup of both cohorts 
allows comparisons. 


The 70% male preponderance appears to be one 
of the fixed mathematical constants of nature (like 
Planck’s constant or the speed of light) and has been 
observed in other series.” It has been attributed to 
rougher and more adventurous play in male in- 
fants,“ 


The age distribution, with the majority of pa- 
tients between 9 and 24 months, is also consistent 
with those of other series and has been attributed to 
poor chewing ability from a lack of posterior denti- 
tion,” a tendency to put things into the mouth,? 46 
and a tendency to have frequent, vigorous, un- 
inhibited inspirations when startled, laughing, or 
crying.’ 


There was also marked consistency in the type of 
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BFBs over the 20 years studied, and in the percen- 
tage of patients described as having multiple BFBs. 
It is interesting to note that the percentage of toys 
aspirated would have decreased instead of increased 
had the late cohort not had access to Lite Brite pegs. 


The greater number of patients in our later 
cohort probably reflects the increase in population 
in the Seattle area over the 20-year study period. 


This review shows clearly the relationship of in- 
creasing complication rates with increasing time to 
diagnosis. Early diagnosis and treatment is vital. 
Unfortunately, there has been no trend for earlier 
diagnosis, as shown in Fig 3. Early treatment is 
hindered: by the close resemblance of the symptoms 
of a BFB to those of the much more common prob- 
lems of asthma and bronchiolitis, and to a lesser ex- 
tent by the preference for a trial of conservative 
management of BFBs by some physicians in our 
community. There is a clear need for ongoing edu- 
cation to increase the index of suspicion and the 
ability to make appropriate management decisions. 


Perhaps surprisingly, there was no decrease in the 
operative time in the late cohort. While it appears 
the Hopkins telescope allows more thorough airway 
evaluation and more complete BFB removal, it does 
not make the process quicker. 


The trend for decreased numbers of patients pre- 
operatively hospitalized with undiagnosed BFBs is 
probably secondary to the improved diagnostic so- 
phistication of the staff of our tertiary care center. 


The trend for shortened postoperative hospitali- 
zation is mainly secondary to fewer BFBs being 
missed (allowing prompt resolution of symptoms) 
and the lower complication rate overall. 


The overall complication rate fell for a number of 
reasons, The improvement most clearly attributable 
to the Hopkins telescope is the decreased incidence 
of missed or incomplete BFB removal. The im- 
proved visualization afforded by the telescopes and 
the improved “reach” provided by Fogarty cathe- 
ters and the miniature flexible alligator forceps re- 
sulted in fewer repeat bronchoscopies and thoracot- 
omies. This represents a significant advance. 


The drop in patients hospitalized postoperatively 
for observation of pulmonary problems such as 
pneumonia, atelectasis, wheezing, and subglottic 
trauma is probably secondary to an increased confi- 
dence in outpatient management. Further, subglot- 
tic trauma may have been lessened because the visu- 
alization afforded by telescopes allows for the use of 
more age-appropriate (ie, smaller) bronchoscopes. 


There was not a statistically significant difference 
in complication rates associated with the experience 
of the surgeon. The higher major complication rate 
associated with the “more experienced” surgeons in 
the late cohort is secondary to referral patterns in 
our institution that send the most difficult cases to 
the most experienced bronchoscopist available. 
Two of the three major complications in this cohort 
occurred prior to bronchoscopy. 


Once the decision to perform bronchoscopy has 
been made, the question arises as to the safety in 
waiting 1) for the nothing-by-mouth status to be 
cleared and 2) until regular operating hours the 
next morning if the diagnosis is made late at night. 
In reviewing our 173 cases here, there was only one 
episode in which a delay resulted in a serious de- 
terioration of the patient’s condition. It should be 
kept in mind that 1) there may have been other pa- 
tients whose deteriorating condition was not well 
documented on the record, and 2) most patients 
who presented acutely were operated on acutely. It 
is our recommendation to perform bronchoscopy 1) 
urgently on all patients having respiratory distress, 
2) soon after the nothing-by-mouth status is safe in 
patients who present acutely following aspiration 
but are having no distress, and 3) within a 
reasonable time in the patient with long-standing 
pulmonary symptoms in whom a BFB is suspected. 


One frustration associated with this study was 
our inability to determine the outcomes associated 
with different techniques of anesthetic administra- 
tion and monitoring. The events leading up to, the 
magnitude of, and the morbidity associated with 
episodes of hypoventilation, hypoxemia, cardiac ar- 
rhythmias, hypotension, etc, were not easily 
gleaned from the record. The impact on safety of 
pulse oximetry is also unknown. A prospective study 
is needed. 


CONCLUSIONS 


1. There has been no significant change in pa- 
tient age distribution, the types of BFBs, and the 
anatomic distribution of BFBs in the tracheobron- 
chial tree in the last 20 years. 


2. There has been no improvement in the rapidi- 
ty of diagnosis of BFBs in the last 20 years, and 
rapid diagnosis is associated with better outcome. 


3. Removal of BFBs can be efficiently performed 
without the use of bronchoscopic telescopes, but the 
use of telescopes results in significantly fewer missed 
and incompletely removed BFBs, thus offering a 
major advantage. 
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FIRST INTERNATIONAL SKULL BASE CONGRESS 


The First International Skull Base Congress will be held June 14-20, 1992, in Hanover, Germany. For further information, contact 
Madjid Samii, MD, Professor and Chairman of Neurosurgery, Medical School Hanover, Neurosurgical Clinic, Hospital Nordstadt, Hal- 
tenhoffstr 41, D-3000 Hanover 1, Germany; phone 0049-(0)511-7638245 or 623151, FAX 0049-(0)511-7638606. 
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AESTHETIC SURGERY OF THE FACE 


A symposium on Aesthetic Surgery of the Face will be held March 26-28, 1992, in San Francisco, California. This meeting is spon- 
sored by the Division of Plastic Surgery, University of California, San Francisco, and Davies Medical Center. For further information, con- 
tact Ashley Carpenter, Extended Programs in Medical Education, Room LS-105, USCF, San Francisco, CA 94143; (415) 476-4251. 
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Spasmodic dysphonia is primarily a disorder of vocalization. Increasing evidence, however, suggests that individuals with this disor- 
der comprise a heterogeneous population characterized by abnormal motor control throughout the vocal tract. Multichannel simultaneous 
electromyography was performed on 11 spasmodic dysphonia patients and 10 normal awake subjects to investigate both the distribution of 
neuromotor abnormality within the vocal tract (eg, intrinsic and extrinsic laryngeal muscles, tongue, and palate) and the contribution of 
activation of higher central nervous system centers to observed abnormality. Experimental tasks ranged from vegetative (quiet breathing) 
to simple linguistic (short sentences). Digitized electromyographic signals were analyzed to compute the amplitude envelope and extract a 
set of parameters that represent amplitude characteristics. Electrode insertions were cross-validated by quantitative analysis of patterns of 
activation across selected reference tasks and by traditional qualitative methods. Between-group differences were found for measures of 
normalized median and peak token amplitudes. These differences are both task- and measure-dependent. Results highlight the complex 
and interactive effects of muscle, task, and quantitative measures on between-group differences. 


KEY WORDS — multichannel electromyography, spasmodic dysphonia, voice. 


INTRODUCTION 


The initial description of spasmodic dysphonia 
(SD) as a form of nervous hoarseness by Traube’ ini- 
tiated the view, widely held over the subsequent cen- 
tury, that SD was solely a functional disorder. Elab- 
orate statements endorsing this view were made 
based on the bizarre presentation of SD patients. 
Any consideration that such patients, or a subset of 
these patients, might have an organic disorder was 
dismissed.? In contrast, work beginning with Aron- 
son et al?4 suggested the findings of voice tremor, 
facial or tongue twitches, and head or neck tremor 
were highly linked neurologic signs rather than in- 
cidental findings in a presumed psychiatric popula- 
tion. Additional evidence of an organic substrate to 
SD has come from various investigations showing 
auditory brain stem, gastric acid secretory (visceral 
vagal efferents), electromyography (EMG), blink 
reflex, and structural and functional brain abnor- 
malities in part of the SD population.*!! Given this 
body of evidence, we believe that direct measures of 
human vocal tract neuromotor activity should fur- 
ther our understanding of SD, and perhaps our un- 
derstanding of central nervous system (CNS) motor 
control of the vocal tract. 


One approach to broadening our understanding 


of SD is to apply EMG measures to examine the na- 
ture and extent of vocal tract deficits in affected 
subjects. Such an approach must be recognized as 
having several inherent problems due to the popula- 
tion under study and the complexity of acquiring 
and analyzing multichannel vocal tract EMG. In 
regard to problems in studying a population of SD 
subjects, the first consideration is the heterogeneity 
of individuals who often share only their pattern of 
abnormal voicing. Some subjects may have several 
coexistent neurologic findings indicative of an or- 
ganic basis for their disorder, while others remain a 
diagnostic challenge. Blitzer et al‘? have further 


-characterized SD as a form of either focal (involving 


only the larynx) or generalized dystonia. Obviously, 
any one EMG measure of such a heterogeneous pop- 
ulation could be expected to vary from subject to 
subject. However, a pattern of abnormalities may 
emerge from analysis of multiple EMG measures 
across muscles, tasks, and subjects.'2'5 A second 
consideration in studying SD by EMG is the obser- 
vation that spasticity is exacerbated by increasing 
the communicative intent of the task.!? For exam- 
ple, a pattern of essentially normal vocalization for 
static or sustained tasks, such as the vowel /i/, fol- 
lowed by impaired vocalization during simple sen- 
tences is one of the characteristics of SD thought to 
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be consistent with a psychiatric disorder.'® Such a 
behavior within the same subject confounds testing 
confined to one or two speech tasks, since this ap- 
proach fails to consider the well-recognized perfor- 
mance variability. This variability may reflect acti- 
vation of hierarchically organized centers for vocal 
motor control within the CNS. A third considera- 
tion is the effect of the testing procedure on the pa- 
tient’s behavior; that is, results are influenced by 
the structure of vocal tasks, the testing environ- 
ment, the interaction of the subject with investiga- 
tors, subject instructions, and subject compensatory 
behaviors. *® 


In regard to vocal tract EMG, there are several 
additional considerations. First, the human vocal 
tract is best viewed as a highly integrated, dynamic, 
and adaptive system extending from the diaphragm 
to the lips. Experimental paradigms must provide 
` for simultaneous measures of multiple elements of 
this system within the constraints inherent in hu- 
man testing. With a few important exceptions,'‘’~° 
vocal tract EMG has been limited primarily to con- 
centric needle electrodes within a few endolaryn- 
geal muscles during performance of static vocal 
tasks. A second consideration is the distinction be- 
tween normal and pathologic performance on mul- 
tiple simultaneous EMG measures of the human vo- 
cal tract. For example, a particular muscle might 
have a “normal” pattern of neuromotor activity as 
measured by the quality or quantity of electrical ac- 
tivity, but be inappropriately activated for a given 
vocal task. Third, descriptions of EMG abnormali- 
ties have often been qualitative. Given the unique 
function and anatomy of the vocal tract and the 
characteristics of laryngeal muscles, such analyses 
may be inadequate to describe the extent of abnor- 
mality in SD.'*:?! However, techniques for quantifi- 
cation and statistical comparisons can build upon 
EMG studies of the extremities.” 


In an attempt to address many of the above prob- 
lems, we evaluated SD patients and normal control 
subjects using a series of acoustic, kinematic, aero- 
dynamic, and EMG measures. This report focuses 
on our initial quantitative evaluation of a subset of 
these data. Group comparisons are made for simul- 
taneous EMG findings from vagally and nonvagally 
innervated muscles and clinical-perceptual findings 
of the study population performing tasks at points 
along a hierarchy of increasing linguistic and mo- 
toric complexity. 


METHOD 


Subjects. Eleven SD patients and 10 control sub- 
jects underwent simultaneous acoustic, kinematic, 
and EMG recordings in compliance with the in- 
formed consent policies of the Institutional Review 
Board of the University of Texas Southwestern Med- 
ical Center. The SD subjects included 4 men and 7 
women (average age 48.6 years, range 25 to 69 


years) who were drawn from a larger population of 
subjects who participated in extensive otolaryngo- 
logic and neurologic examinations, as well as static 
and dynamic brain imaging. Diagnosis of SD was 
made by a minimum of two otolaryngologists and 
two speech-language pathologists using both per- 
ceptual and fiberoptic laryngoscopic (ie, hyperad- 
duction of vocal folds) criteria. No subject had 
structural or other laryngeal abnormalities that 
might confound measures employed in this study. 
Causes of SD were thought to be cerebral microvas- 
cular disease in 2 patients and familial in 1 patient, 
and were unknown in 8 patients. Duration of dys- 
phonia varied from 1.5 to 20 years (average 8.6 
years). 


Ten control subjects, consisting of 4 men and 6 
women (average age 42.1 years, range 25 to 51 
years), were recruited from normal volunteers. 
Controls were matched as much as possible for gen- 
der and age of the study population. None of these 
subjects had a history of speech or neurologic disor- 
ders. History and physical findings were unremark- 
able and these control subjects were regarded as 
healthy examples of their respective age groups. 


Muscle Selection, Electrode Insertion, and Veri- 
fication. Recordings were made over two sessions 
(sessions 3 and 4) in awake, nonsedated subjects in 
the Vocal Tract Physiology Laboratory (an electri- 
cally shielded room) at the University of Texas 
Southwestern Medical Center. The same personnel 
participated in all sessions. These sessions were de- 
signed to measure multiple parameters of the hu- 
man vocal tract, and for the purpose of this report, 
discussion is limited to acoustic and perceptual data 
and EMG findings in the left levator palatini (LP), 
genioglossus posterior (GGP), and right thyrohyoid 
(THD) muscles and both thyroarytenoid (TA) mus- 
cles. These muscles were selected to give a range of 
findings in vocal tract sites innervated by the vagus 
and hypoglossus nerves. 


Bipolar hooked-wire electrodes were constructed 
using 0.05-mm coated platinum wire (Semiconduc- 
tor Packaging Materials Ine; effective recording 
area 1 mm) and were inserted perorally (LP muscle) 
or transcutaneously.”? Anesthesia was limited to 1% 
lidocaine hydrochloride intradermally or 4% lido- 
caine hydrochloride on mucosal surfaces at elec- 
trode insertion sites. Subjects were awake, unse- 
dated, and withdrawn from any medication that 
might confound findings for a minimum of 2 weeks. 
Output from each electrode pair was routed to sep- 
arate EMG amplifiers (Grass Instrument 7P511) 
through a shielded cable. Amplifiers were carefully 
calibrated and maintained to ensure accuracy of 
signals and to minimize extraneous noise. The im- 
peclance at each input terminal of the preamplifiers 
was >20 MQ. Sensitivity varied from 5 to 75 
uVimm depending on the electrode configuration 
and muscle. Each channel was band-pass-filtered 
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TABLE 1. TASKS UNDER ANALYSIS 
Type of Task Task 


Reference and verification Tongue protrusion 
Swallow 

Valsalva maneuver 
High-pitched /i/ 
Sustained “sh” 
Quiet oral breathing 


Sustained modal /i/ 
Sustained modal /m/ 

beep, beep, beep, beep, beep 
beep, beep went the heap 


Lists only those tasks being analyzed for this report and is drawn from 
protocol of 48 tasks performed over two sessions. Tasks might serve as 
both reference or verification and paralinguistic tasks (eg, sustained 


Vegetative 
Paralinguistic 


Linguistic 


with half amplitude points at 30 Hz and 3,000 Hz. 
A notch filter was used to minimize 60-Hz interfer- 
ence, All EMG signals were evaluated before and 
during recordings for extraneous artifacts by using a 
Tektronix model 11401 digital oscilloscope. Signals 
from the amplifiers were recorded on analog tape 
by using a 14-channel FM tape recorder (TEAC- 
XR-510). Nominal full scale signal amplitudes were 
+2 V peak. Recording bandwidths were 2.5 kHz 
for frequency modulation (FM)-coded EMG chan- 
nels and 18 kHz for the acoustic direct channel. 
Verification of insertions followed procedures de- 
veloped at Haskins Laboratories and was based on 
appropriateness of electrical activity for a given 
muscle during specific maneuvers. -° Such maneu- 
vers included but were not limited to the following: 
1) activation of the GGP muscle on tongue protru- 
sion and swallowing, 2) activation of the THD mus- 
cle on swallowing and neck flexion, 3) activation of 
the LP muscle on voiceless fricative sounds and 
swallowing, and 4) activation of the TA muscle on 
the Valsalva maneuver, swallow, and phonation, 
but not on inspiration. 


Experimental Paradigms and Data Acquisition. 
All subjects were familiar with the basic experimen- 
tal tasks and conduct of the testing procedures, hav- 
ing undergone two prior 2- to 3-hour sessions deal- 
ing primarily with multiple kinematic, acoustic, 
and aerodynamic measures of vocal tract function. 
Subjects were seated in a standard otolaryngologic 
examination chair with the head fixed 20 cm from 
an Audio-technica ATM33R electric condenser mi- 
crophone mounted to the chair. All experimental 
sessions were cued by a visual pacing light controlled 
by a desk top computer (Compaq 386/25) operating 
under the in-house-developed software program 
ACQUIRE.” Experimental tasks were randomly 
presented by the computer. Each task was guided 
by the computer-controlled pacing light in a highly 
reproducible and standardized fashion. Three to 
five repetitions or tokens of each vegetative, para- 
linguistic, and linguistic task were performed. For 
the purpose of this report, analysis is limited to tasks 
selected from a protocol of 48 (Table 1). Rank-or- 


dered from lowest to highest complexity, these tasks 
are 1) quiet tidal oral breathing, 2) middle-pitch /i/ 
(mid /i/), 3) beep, beep, beep, beep, beep 
(beep..beep), and 4) beep, beep went the heap 
(beep..heap). 


ACQUIRE software facilitated quality control by 
operating amplifiers, FM recorders, calibration 
procedures, and identification of tasks and tokens. 
At the completion of each session, a printed copy of 
the performed experimental tasks was provided by 
the system to verify each event against a handwrit- 
ten task assessment form used by the investigators. 


Acoustic and Perceptual Analysis, Clinical-per- 
ceptual analyses of each token were completed by 
four speech-language pathologists. All four were ex- 
perienced in evaluating voice characteristics of SD. 
Mid /i/, beep..beep, and beep..heap were evaluated 
for presence and severity of strain-strangle quality. 
Randomized tokens were presented to the evalua- 
tors, who were blinded as to the identity of specific 
individuals and to the pattern of randomization. 
Strain-strangle was rated on a scale of 0 to 7 (7= 
worst). 


Data Conversion and Calibration. Analog data 
from FM tapes were converted to digital form after 
the data acquisition session. The computer program 
CONVERT automatically controlled playback of 
the multichannel tape recorder, a 12-bit digitizer 
board (Data Translation 2821-F-16SE), and storage 
of data to magnetic disk media.** The EMG signals 
were low-pass-filtered prior to digitization to re- 
duce high-frequency noise and ensure antialiasing. 
Constant delay sixth-order analog filters (Frequen- 
cy Devices 9002) were used at —3 dB cutoff fre- 
quencies of 2,500 Hz. Sampling of EMG data oc- 
curred at 5,000 samples per second. Acoustic data 
were similarly filtered at 5,000 Hz and digitized at 
10,000 samples per second. Quantitation error due 
to digitization was 0.0122%. Data files were com- 
puter coded during the acquisition and digitization 
sessions according to subject, session, task, token, 
and signal channel. 


Precision calibration signals recorded during the 
acquisition session were likewise digitized and ana- 
lyzed to obtain baseline and multiplication param- 
eters for each signal channel. These parameters 
were used to convert all EMG data to absolute mi- 
crovolt units, within a 5% margin of precision. 
Once calibrated, data were stored to write once, 
read many (WORM) optical media, from which 
they could be routinely accessed by computer-aided 
analysis programs. 


Data Analysis. Figure 1 shows EMG and acoustic 
signals beep..heap for an SD subject. Raw EMG 
files were first screened visually for quality. Signals 
that contained artifact or were saturated were elim- 
inated from the data corpus. A file representing the 
envelope of the signal was computed for each of the 
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Fig 1. Multiple electromyographie (EMG) and speech 
acoustic signals recorded during beep, beep went the heap 
produced by the same spasmodic dysphonia subject during 
two of four data acquisition sessions. Electromyographic 
signals are calibrated to microvolts and acoustic signals are 
normalized to percent of maximum observed during single 
session. A) Session 3. B) Session 4. 


remaining EMG files as well as for the acoustic sig- 
nal, Generation of envelope files required several 
steps. First, any residual DC offset was removed by 
subtracting the average amplitude value from each 
data point. The signal was then rectified and digi- 
tally low-pass-filtered (cutoff frequency, 10 Hz). 
Data were then software down-sampled at an effec- 
tive rate of 30 Hz for inclusion in the envelope files 
to reduce the size of these files (5,000:30 ratio) and 
therefore increase the speed of subsequent analyses. 
Figure 2 shows raw EMG and acoustic signals and 
corresponding envelope files for beep.. heap for the 
same subject as Fig 1. 


Custom software was developed to automatically 
process envelope files to extract selected measures. 
This software presented envelope files visually to al- 
low an operator to select start and end times within 
a file, thereby identifying a segment for subsequent 
processing. Typically, the acoustic envelope was 
displayed first, then start and end times were se- 
lected, and these were applied to select segments 
from all signals recorded simultaneously and associ- 
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Fig 2. Thyroarytenoid electromyographic (EMG) and 
T acoustic signals from Fig 1A for beep, beep went 
the heap along with their corresponding envelopes deter- 
mined by computer processing. All EMG and acoustic sig- 
nals are windowed to extract time interval of interest for 
each session task by using visual and acoustic playback 
methods. 


ated with that token. All signals for a given token 
were analyzed over the time segment selected to de- 
rive a common set of parameter measures. Param- 
eters computed and saved were 1) start time (sec- 
onds into file), 2) end time (seconds into file), 3) 
peak amplitude (microvolts), 4) time into event 
when peak amplitude occurred (percentage of seg- 
ment duration), 5) mean amplitude, 6) median am- 
plitude, 7) percentage of event duration during 
which the signal was above the average amplitude, 
and 8) ratio of average to peak amplitude. The last 
two parameters were designed to capture informa- 
tion regarding the gross shape of envelope signals in 
a manner that is independent of absolute amplitude 
and are included as a prelude to more detailed tem- 
poral analyses. After parameter files were computed 
for each envelope file, intraindividual average val- 
ues for each parameter were computed by averag- 
ing across values in parameter files representing dif- 
ferent tokens of the same task. To conclude the first 
phase of analysis, the resulting averaged parameter 
files were concatenated (all parameter files for a 
given subject) into a single ASCII text file (one per 
subject) with proper delimiters included for subse- 
quent importing to a spreadsheet. Each of the 
above steps was facilitated with custom analysis 
software. 


Spreadsheet-compatible parameter files were im- 
ported to a MacIntosh computer (MAC II) using 
Microsoft EXCEL. This spreadsheet consisted of 
approximately 1,100 rows (21 subjects x 9 tasks x 6 


h) 


Schaefer et al, Electromyography of Spasmodic Dysphonia 71 


30 


25 


20 


Fig 3. Perceptual judgments of severity of strain- 
strangle voice quality in spasmodic dysphonia 
subjects. Empty bars — sustained /i/; dark 
bars — five repetitions of beep; cross-hatched 
bars — beep, beep went the heap. 


Percent of judgements 


channels) and 22 columns (identifiers and computed 
parameters), or approximately 24,000 cells (a data 
reduction from approximately 110 megabytes of 
time series data). From this array, a variety of data 
groupings and restructuring was performed manu- 
ally to support the last phase of analysis. These 
analyses included 1) basic descriptive statistics for 
raw parameters, 2) determination of which task 
maximally activated a given muscle, and 3) com- 
parison of normal and SD groups as a function of 
task complexity. 


Means and standard deviations were computed 
for each group separately for each task-muscle com- 
bination. Candidate reference tasks were either dy- 
namic (eg, swallow) or sustained (eg, tongue pro- 
trusion or sustained “sh”). Peak and median ampli- 
tude measures were used to indicate level of activity 
for dynamic and sustained tasks, respectively. Ini- 
tial analysis was performed intraindividually. Tasks 
were rank ordered on the basis of their relative abil- 
ity to activate a given muscle for a given subject. Af- 
ter rankings were established for all muscles and all 
subjects, the percentage of observations for which 
task A was ranked first for a given muscle was com- 
puted. Task A was then designated the reference 
task for that muscle. 


Establishment of reference tasks is not only a sep- 
arately identified analysis, but one that is a neces- 
sary precursor to the analysis of differences between 
normal and SD groups as a function of task complex- 
ity. Normalized amplitude parameters were added 
to the parameter record for each token by dividing 
peak, mean, and median amplitude values for a giv- 
en muscle by the activity level index (ie, median or 
peak amplitude value) associated with the corre- 
sponding reference task for that muscle. Thus, the 
respective normalized parameter represents a char- 
acteristic of muscle activity in terms of the percen- 
tage relative to reference task activation. 


RESULTS 
Acoustic and Perceptual Analysis. Distributions 
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of ratings of strain-strangle quality for mid /i/, beep 
..beep, and beep..heap are shown in Fig 3. Chi- 
square analyses revealed significant differences be- 
tween mid /i/ and beep..beep (x? = 12.43, p= .05) 
and between /i/ and beep..heap (x?=17.52, p= 
.008). The difference between beep..beep and beep 
..heap was not significant. 


Reference Tasks. Activity levels for verification 
reference tasks are shown in Table 2. Each table cell 
contains two entries representing the percentage of 
observations for which the given task produced a 
rank of 1 (ie, maximal activation) across all tasks 
analyzed. The left-side entry (denoted M) is based 
on computation using the median amplitude for 
each task, whereas the right-side entry (denoted 
M + P) is based on computation using the median 
amplitude for sustained tasks and the peak ampli- 
tude for dynamic tasks (eg, swallow). The Table has 
three sections representing analysis of normal, SD, 
and combined groups. Thus, the 70/30 entry in the 
first cell for normal subjects indicates that the ge- 
nioglossus was maximally activated by tongue pro- 
trusion in 70% and 30% of the normal subjects 
using M and M+P, respectively. Peak activity dur- 
ing swallow was taken as the reference for normal- 
izing EMG amplitude measures prior to within- 
group comparisons, since it is evident from M+P 
entries that swallow maximally activates all muscles 
on a frequent basis. To illustrate specificity of acti- 
vation by task, M entries are shown graphically for 
the combined group in Fig 4. These values demon- 
strate specificity of activation of each muscle by the 
task selected a priori to verify electrode placement. 


Group Comparisons. Several parameters were 
used to investigate differences between normal and 
SD subjects. One of these is the ratio of the envelope 
average amplitude to peak amplitude. This simple 
measure is expected to reflect gross dynamic differ- 
ences. Figures 5 and 6 show coefficients of variation 
for normal and SD subjects associated with the av- 
erage-to-peak ratio measure for the GGP and LP 
muscles across tasks. These findings show group dif- 
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TABLE 2. REFERENCE TASK ANALYSIS 


Tongue 
Muscle Protrusion 
Normal group l 
Genioglossus 70/30 0/60 
Thyroarytenoid 0/10 0/70 
Thyrohyoid 0/10 20/80 
Levator palatini 20/75 
Spastic dysphonia group 
Genioglossus 91/36 0/64 
Thyroarytenoid 9/0 0/60 
Thyrohyoid 18/9 9/82 
Levator palatini 30/91 
Combined group 
Genioglossus 81/33 0/62 
Thyroarytenoid 5/5 0/65 
Thyrohyoid 10/10 14/8] 
Levator palatini 29/84 


Swallow 


High- Valsalva Sustained 
Pitched /i/ Maneuver - “sh” 
20/10 10/0 
38/0 63/20 
70/10 10/0 
43/13 29/13 
9/0 0/0 
9/10 82/30 
36/0 36/9 
50/9 20/0 
14/5 5/0 
21/5 74/25 
52/5 24/5 
A7/11 2415 


Results of analysis to determine activation of muscles by candidate reference tasks. Each table cell represents percentage of observations for which given 
task produced rank of 1 (ie, maximal activation) across ranking sample set that included all tasks. Results are shown for rankings based on 1) median 
electromyographic envelope amplitude for all tasks (left-hand value), and 2) those based on median envelope amplitude for sustained tasks plus peak en- 


velope amplitude for swallow (right-hand value). 


ferences that depend on the task-muscle combina- 
tion. The SD subjects showed greater variability in 
this measure than normals for the GGP muscle dur- 
ing mid /i/, but not during other tasks. In contrast, 
SD subjects showed greater variability than nor- 
mals for the LP during the beep..beep and beep 
..heap tasks, but not during other tasks. 


Normalized activity parameters (peak, mean, 
and median amplitude) were computed by using 
the peak amplitude obtained during swallow for a 
given muscle and subject as the basis for normaliza- 
tion. Figure 7 contains results of this analysis for the 
TA muscle across tasks. Normalized peak values 
were used for dynamic tasks such as beep..beep, 
while normalized median amplitude values were 
used for mid /i/. A two-way ANOVA on this data set 
yielded a marginally significant group effect (p< 
.06) and a significant group-task interaction (p< 
.020). By using Scheffe’s method to identify the 
source of this effect, significant group differences 
were found for both beep..beep and beep..heap, 
while differences for quiet breathing and mid /i/ 
were not significant. Similar analysis for the THD 
muscle found a significant task effect, but no group 
effect. The reader will recall that SD subjects showed 
significant increases in the perceived severity of 
strain-strangle voice quality for the beep..beep and 
beep. heap tasks. The decrement in voice quality is 
likely a reflection of abnormal increases in TA ac- 
tivity for these tasks. 


DISCUSSION 


The study reported herein applied quantitative 
measures of EMG signals to test two specific hy- 
potheses regarding vocal tract neuromotor abnor- 
malities in SD: 1) EMG abnormalities in SD are 
present in vocal tract musculature remote from the 
larynx, and 2) EMG abnormalities in SD increase as 


tasks increase in linguistic and motoric complexity. 
This study also examined the relation between clini- 
cal judgments of strain-strangle voice quality and 
TA activity in SD subjects. To achieve these ends, 
we reported selected quantitative measures of EMG 
signals recorded from an intrinsic laryngeal muscle 
(TA), an extrinsic laryngeal muscle (THD), and 
nonlaryngeal muscles (GGP, LP). Tasks selected for 
analysis represent points along a theoretic con- 
tinuum of increasing complexity and ranged from 
nonspeech vegetative to simple linguistic. 
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Fig 4. Muscle activation specificity during reference tasks 
for combined normal and spasmodic dysphonia subjects. 
TNG PROT — tongue protrusion, NOT TESTED — not 
analyzed for this graph, GGP — genioglossus posterior, 
TA — thyroarytenoid (both), THD — right thyrohyoid, 
LP — left levator palatini. 
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Fig 5. Comparison of normal and spasmodic dysphonia 
(SD) group coefficients of variation computed for average- 
to-peak ratio measure of genioglossus electromyographic 
envelopes for four tasks. Q. BREATHING — resting tidal 
oral breathing. 


The first step in developing quantitative mea- 
sures of the EMG signal was to examine the utility 
of these measures in verifying electrode placement 
and in identifying reference tasks for normalization 
of raw EMG signals prior to within- and between- 
group comparisons. Typically, EMG studies verify 
electrode placement by qualitative evaluation of 
patterns of muscle activation or inhibition during 
specific tasks.'*!°?3 Herein, we reported quantita- 
tive differences in median muscle activity across 
verification and reference tasks. This technique 
provides an objective approach to verification of 
electrode insertion. 


Reference tasks for normalization of EMG signals 
may represent theoretic maximum or minimum ac- 
tivity for a given muscle. Since the experimental 
tasks we analyzed should elicit less than maximum 
activity, we sought to normalize EMG signals rela- 
tive to maximum activity. With the exception of the 
swallow, all verification reference tasks were sus- 
tained. The inherently dynamic nature of a swallow 
suggests that maximum activation of a specific mus- 
cle cannot be maintained throughout the gesture. 
Therefore, we examined peak activity levels for 
each muscle during the swallow. When this mea- 
sure was considered, all muscles showed maximum 
activity for the swallow. Thus, quantitative analy- 
ses permitted objective identification of the same 
reference task for all muscles. While we know of no 
other studies reporting vocal tract EMG that at- 
tempted to quantify electrode verification and se- 
lection of reference tasks, this strategy appears to be 
valid and may provide a mechanism for standardi- 
zation of EMG data analysis. Such standardization 
will facilitate cross-study comparisons. 


Between-group comparisons for the subset of 
tasks, muscles, and measures reported here revealed 
EMG abnormalities in multiple vocal tract muscles. 
Abnormalities were observed in muscles innervated 
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Fig 6. Comparison of normal and spasmodic dysphonia 
(SD) group coefficients of variation computed for average- 
to-peak ratio measure of levator palatini electromyograph- 
ic envelopes for four tasks. Q. BREATHING — resting ti- 
dal oral breathing. 


by the vagus (TA, LP) and hypoglossus (GGP) 
nerves. However, these measures did not reveal ab- 
normalities in another hypoglossus-innervated mus- 
cle (THD). In general, these findings are consistent 
with qualitative and quantitative abnormalities re- 
ported for a different set of SD patients by Schaefer 
et al. Between-group comparisons also revealed 
differential neuromotor deficits as a function of task 
complexity. That is, SD subjects showed increased 
abnormality relative to normals as tasks increased 
in complexity. Post-test comparisons revealed sig- 
nificant between-group differences for normalized 
TA activity for beep..beep and beep..heap, but not 
for mid /i/ (p< .05). We have argued elsewhere that 
increased task complexity may represent increased 
participation of higher cortical and adjacent sub- 
cortical levels within the CNS." The distribution of 
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Fig 7. Comparison of normal and spasmodic dysphonia 
(SD) group thyroarytenoid levels across different tasks. 
Group means and standard deviations are shown for nor- 
malized activity level measures, obtained by dividing raw 
envelope amplitude characteristics (peak or median) by 
reference value (peak amplitude exhibited by given muscle 
during swallow by given subject). Normalized peak and 
median values are used for dynamic and sustained tasks, 
respectively. 
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neuromotor abnormalities within the vocal tract 
and the finding of increased abnormality with in- 
creased task complexity in these SD subjects are 
consistent with neurophysiologic evidence of upper 
motor neuron disorders in this population. 1%" 


A combination of within- and between-group 
comparisons examined the relationship between clin- 
ical judgments of voice quality and neuromotor ab- 
normality in SD subjects. The reader will recall that 
perceptual ratings of strain-strangle voice quality 
revealed a significant increase in abnormality for 
the beep..beep and beep. .heap tasks as compared to 
the mid /i/. Similarly, TA activity for the SD sub- 
jects was significantly higher than for normal con- 
trols on the repeated-word and sentence tasks. Thus, 
deterioration of voice quality during the more com- 
plex speech tasks co-occurs with abnormal increases 
in TA activity. 


In conclusion, this preliminary quantitative anal- 
ysis of EMG signals supports the hypotheses under 
test. The findings also yield insights into the com- 
plexity of applying quantitative analyses to investi- 
gate neuromotor abnormality in SD. For example, 
SD subjects showed a greater or lesser degree of ab- 





normality relative to our normal controls depending 
upon the specific measure used to characterize 
EMG activity for a particular muscle. Effects of this 
interaction of measure and muscle on between-group 
differences can be attributed, in part, to three facts. 
First, we do not know how a specific muscle should 
function across tasks that range from vegetative to 
complex linguistic. Indeed, activity of a given mus- 
cle may be unconstrained in the motor program for 
a particular task. In this case, unusually high or low 
activity may not be an indication of a disorder. Sec- 
ond, we do not know which measure or measures of 
EMG activity is or are most appropriate to charac- 
terize a given muscle during performance of a given 
task. Finally, the nature of neuromotor abnormal- 


ity and, hence, the most valid and reliable mea- 


sure(s) of that abnormality may differ across mus- 
cles and/or across tasks within a muscle. Future re- 
ports will present analyses of additional tasks, mus- 
cles, and measures (eg, including temporal and 
spectral). Ultimately, our goal is to exploit the ana- 
lytic power of multiple tasks, muscles, and mea- 
sures to clarify normal vocal tract neuromotor func- 
tion and the nature and extent of vocal tract neuro- 
motor abnormality in SD. 
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STABLE INTERNAL FIXATION OF FRACTURES OF THE PARTIALLY 
MINERALIZED THYROID CARTILAGE 


JOHN R. AUSTIN, MD 
ROBERT B. STANLEY, MD, DDS DONALD S. COOPER, PHD 
Los ANGELES, CALIFORNIA 


Thyroid cartilage fractures due to external blunt trauma have typically been thought to occur in patients over the age of 40. Lack of 
mineralization of the cartilage has been considered to be the protective mechanism. Our experience with laryngeal injuries has demon- 
strated that younger persons are indeed at risk for thyroid cartilage fractures, and that these injuries may be easily overlooked. Although 
these fractures do not lead to laryngeal stenosis if untreated, they may cause noticeable phonatory changes. Fixation of these fractures is 
difficult because of the usual soft character of the unmineralized cartilage, prompting us to adopt a wire-tube fixation technique. This 
technique has been uniformly successful in restoring the anatomic contour of the thyroid cartilage, and our results appear to justify open re- 
duction of these moderately displaced or angulated thyroid cartilage fractures. 


KEY WORDS — fixation, fracture, thyroid cartilage. 


Fractures of the thyroid cartilage have traditional- from the study, therefore, were patients who suf- 
ly been described as occurring most often in individ- fered severe disruption of the laryngeal framework 
uals over the age of 40.'? In childhood, the poorly and internal soft tissues (thus requiring emergent 
mineralized thyroid cartilage appears to be protected tracheostomy and neck exploration) due to ultra- 
from injury by its inherent flexibility and pliability.>“ high-speed deceleration impact forces that would 
These protective characteristics are thought to per- crush even the most resilient of cartilaginous struc- 
sist even into the third and fourth decades of life, tures. Also excluded were patients with a suspected 
and Yerman et alê have confirmed that calcification laryngeal injury who were taken emergently to the 
is not present in the thyroid cartilage until the age operating room for care of other life-threatening 
of 20. The mineralization process then begins at the problems. Typically, these patients underwent di- 
posterior and inferior borders of each lamina and rect endoscopic evaluation and neck exploration 
progresses superiorly in an unpredictable manner. during the same session of general anesthesia. The 
The progression may be bilaterally asymmetric and study group therefore includes patients with a “sus- 
the central lamina may be spared completely. Our pected” laryngeal fracture, and admittedly includes 
recent experience with laryngeal injuries due to ex- some patients who fall well within the criteria es- 
ternal blunt trauma has allowed us to make in vivo tablished by some trauma surgeons®’ for mandatory 
observations that paradoxically confirm the post- exploration and some patients whose further evalu- 
mortem findings of Yerman et al and disprove the ation was prompted only by the current medicole- 
accepted opinion that the poorly mineralized thy- gal environment. 


roid cartilage is at low risk for fracture. Additional- 
ly, we have found that reduction and stabilization 
of fractures in these younger larynges may be more 
difficult than in older, heavily calcified larynges. 
Our experiences will be presented to demonstrate 
both the nature of thyroid cartilage fractures in 


The results are summarized in Tables 2 and 3. 
Twenty-three (52%) of the total group of 44 frac- 
ture victims were 30 years of age or younger. Of the 
fractures that occurred in this younger subgroup, 18 
were of the thyroid cartilage, 3 of the cricoid carti- 


young adults and a crepe nae bs that appears TABLE L INDICATIONS | FOR OBTAINING COMPUTED 
to give superior results in t tients. TOM HIC SC NX FOLLOWING 
eee j BLUNT NECK TRAUMA 
Tracheostomy por at another facility for stabilization prior 
STUDY GROUP to transfer, or by resident staff to protect airway prior to further 
evaluation 
From J anuary 1, 1984, to December 31, 1989, Edema and/or hematoma or ecchymosis visible in endolarynx or 
215 patients with a history of recent blunt trauma pyriform sinus on indirect examination 
to the neck were evaluated with computed tomog- Small lacerations or blood visible in endolarynx on indirect exami- 


raphy (CT) for possible laryngeal cartilage fracture nation 

at the Los Angeles County—University of Southern Altered vocal cord mobility 

California Medical Center. The indications for ob- Palpation of external landmarks suspicious for fracture 
taining the scans are listed in Table 1. Excluded Voice alterations noted by examiner or claimed by patient 
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TABLE 2. AGE DISTRIBUTION OF PATIENTS 


EVALUATED FOR SUSPECTED LARYNGEAL INJURY 
Average Age Range 
No. Age (y) (y) 


Patients evaluated 215 30.4 4-65 
Patients with fractures 44 29.5 16-53 


lage, and 2 of both cartilages. Among the patients 
in this group with a fracture of the thyroid cartilage 
(with or without a cricoid cartilage fracture), none 
had derangement of the glottic and/or supraglottic 
soft tissues deemed severe enough to warrant thy- 
rotomy and repair. None of the thyroid cartilage 
fractures in this group were comminuted, but rather 
most were moderately displaced or angulated single 
linear fractures that would not be expected to lead 
to acute airway obstruction or chronic laryngeal 
stenosis. However, we have developed an aggressive 
management philosophy for these types of injuries, 
based on previous clinical and laboratory observa- 
tions.*° These studies showed that even minimally 
displaced or angulated fractures of the thyroid lami- 
nae can produce alterations in the glottic configura- 
tion sufficient to disrupt the normal laryngeal valv- 
ing mechanism. These changes produce increases or 
decreases in glottic resistance, dependent on the ori- 
entation of the displaced cartilage segments, and 
thus may produce noticeable if not debilitating pho- 
natory disorders. 


Once this aggressive policy was adopted, we were 
faced with the realization that standard reduction 
and fixation techniques using stainless steel wires or 
nonabsorbable sutures placed in a simple or figure- 
eight pattern were inadequate for holding a reduc- 
tion. Although edge-to-edge contact could be main- 
tained between the fragments, healed lateral frag- 
ments tended to be angulated and healed midline 
fractures tended to be flattened (as seen on postop- 
erative CT scans). Overtightening of the wires in an 
attempt to hold the reduction invariably caused the 
wires to cut through the poorly mineralized carti- 
lage. Similarly, the use of miniadaptation plates 
and screws from the maxillofacial trauma arma- 
mentarium failed to produce acceptable results 
when used on the soft cartilage. 





TABLE 3. SITE OF LARYNGEAL CARTILAGE FRACTURE 
BY AGE (44 PATIENTS 


Age (y) 
Cartilage 0-10 11-20 21-30 31-40 >40 Total 
Thyroid 0 6 12 8 4 30 
Cricoid 0 1 2 4 2 9 


Thyroid and 
cricoid 0 0 2 2 1 5 


We now use a technique that splints the fractures 
with fine wires passed through the lumina of blunted 
needles that are placed as battens to span the frac- 
tures. Occasionally, temporary translaryngeal wires 
will be used to reduce a severely flattened angle be- 
tween the lateral laminae when a midline fracture 
is present. The technique is schematically demon- 
strated in Figs 1 and 2, and will also be demon- 
strated clinically in the following case reports. It 
has been successfully used in seven patients, and the 
success and ease with which it has been used have 
prompted us to apply it to all thyroid cartilage frac- 
tures, even comminuted injuries in older, more 
mineralized larynges. 


CASE REPORTS 


Case 1. A 28-year-old man suffered blunt neck 
trauma in a motor vehicle accident. He presented 
with acute dysphonia, mild endolaryngeal edema, 
and a hematoma in the right vocal cord. No lacera- 
tions of the mucosa were noted. He was started on a 
regimen of steroids and antibiotics, but 12 hours 
later the edema was felt to be sufficient to warrant 
securing of the airway with a tracheostomy. A CT 
scan revealed a displaced fracture of the right thy- 
roid lamina (Fig 3A), and 2 days later the fracture 
was repaired by the technique shown in Fig 1. The 
patient was decannulated rapidly and he obtained 
an excellent voice that allowed him to return to 
singing in his church choir, although he did com- 
plain of occasional difficulty reaching high tones 
while singing. The reduced fracture is shown on a 
follow-up scan in Fig 3B. 


Case 2. A 30-year-old male musician and singer 
was strangled with a forearm choke-hold. He pre- 
sented with a complaint of a weak breathy voice 


Fig 1. Schematic drawing of wire- 
tube technique. A) Displaced lateral 
lamina fracture. B) Wire passed 
through blunted 18-gauge needle and 
through cartilage in horizontal fash- 
ion. Wire and tube will remain in 
place permanently; therefore, endola- 
ryngeal aspect of wire must be passed 
submucosally. C) Although wire may 
cut through cartilage immediately ad- 
jacent to needle hole, forces are dis- 
tributed over broad enough area to 
prevent complete pull-through of 
wire. For lateral fracture, two wire- 
tube devices should be placed, one 
above and one below level of true vo- 
cal cord. 


78 Austin et al, Thyroid Cartilage Fractures 


Fa PX os, fos 
\ f ‘ Fá \ H ` 
$ f i i 
H Pace P e : : : Pe 
\ i a ` f N ; } ; 7 N E 
b oe o y Poof a \ Sl 
À ? $ F A į i y ; ti ` 
i kri A f wa i AZ \/ Ne H 
i } ) i oO `) OT Ì 
l al p 
l { ! i H inl ( Hl 
A V4 } $ ni \ iyi 
i Fst i 4 ti i 3 ER 
\ Pot ; 4 H FH igi 
Ki i 4 j i yy i My 
$ H ; à jli H iii H 
l if 3 | ae es i 
\\ \ Tt Ho ig H 
jf j \ io Í 
: | / oo a ks i; ? 
On E nn f A rvenennewnt annatta i 
SS a ee a Pa N Oe Pa 
ENA A pa \, 
we ie a an 
J À, Pi. 
FS VAZN 
A N Pi N, NG, 
, 7 N A = i 
Fa F ES w “ Pa j N NG 
ye he P pai P NG NS 
; N, 
F fi as Pa A A 
Z 3 \ í ra S 
a NG 4 i ae i NG 
Ni 4 Sane Se eae 


and dysphagia but no airway distress. Indirect ex- 
amination revealed a mobile right true vocal cord 
that appeared to be bulging medially and superior- 
ly, but had no ecchymosis (Fig 4A). A CT scan dem- 
onstrated midline and right thyroid lamina frac- 
tures (Fig 5A). Although persistent edema could not 
be ruled out as being partially responsible for the 
bulging appearance of the cord, repair was under- 
taken to restore the contour of the thyroid cartilage. 
This decision was based on the observation that the 
position of the displaced fragment matched exactly 
a situation examined in the previously mentioned 
laboratory study,’ and closely resembled the desired 
anatomic result of a thyroplasty intended to medi- 
alize the cord. Fixation was achieved with the wire- 
tube technique (Figs 1 and 2), restoring alignment 
of the cartilage as well as position and dimension of 
the vocal cord (Fig 4B). A tracheostomy was per- 
formed to facilitate reduction of the fragments, and 
the patient was easily decannulated several days 
later. A postoperative CT scan shows the stable re- 
duction (Fig 5B). The patient claims a normal voice 
and has returned to professional singing. 


Case 3. A 43-year-old woman was bitten on the 
neck by her horse during a grooming session. She 
noted immediate dysphagia and dysphonia but no 
respiratory distress. A tracheostomy was performed 
at another hospital 6 hours later when the patient 
was unable to breathe comfortably while supine. A 
CT scan demonstrated vertical fractures of the thy- 
roid cartilage (Fig 6A). The fractures were reduced 
3 days later by the wire-tube technique (Figs 1 and 
2), Of note, the midline fracture was of the green- 
stick variety through an area that demonstrated lit- 
tle if any mineralization. Restoration of a more nor- 
mal angle between the lateral laminae required 
translaryngeal wires (Fig 6B), and the tracheostomy 
was left in place in anticipation of subsequent re- 
moval of the wires under general anesthesia. A fol- 
low-up CT scan at 3 months revealed a stable re- 
duction of the fractures, and the translaryngeal 
wires were removed. The patient now has a nor- 
mal-appearing larynx with no evidence of endola- 
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mattress fashion. C) Wire secured 
with approximation and fixation 
of fracture with normal alignment 
of laminae. Although upper trans- 
laryngeal crossing of wire should 
be in preepiglottic space, lower 
crossing may be intraluminal at 
Te. subglottic level. Removal in 2 to 3 
ff nN months is therefore recommended. 





ryngeal damage related to the translaryngeal wires. 
She has no complaints of voice change. 


DISCUSSION 


Liberal use of CT scanning in the evaluation of pa- 
tients suffering blunt external trauma to the larynx 
has allowed us to show that the relatively low levels 
of mineralization in their thyroid cartilage do not 
protect young adults from fractures of this struc- 
ture. Although members of this age group are occa- 
sionally seen with severe, comminuted crush in- 





Fig 3. (Case 1) Computed tomograms. A) Preoperative 
scan showing displaced and angulated fracture of right 
thyroid lamina. B) Postoperative scan showing return of 
laryngeal symmetry. Artifact on film is scatter of x-ray 
beam by horizontally positioned wire-tube device. 
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Fig 4. (Case 2) Photographs taken from videolaryngoscopy. A Preoperatively, right true vocal cord has appearance of medialized 
cord and glottis is bowed to left. B) Postoperative photograph reveals symmetric cords and straight glottis. 


juries due to high-speed deceleration events, many 
more appear to suffer linear, moderately displaced 
or angulated fractures due to lower-impact forces. 
More than one fracture line may be present, but en- 
dolaryngeal mucosa lacerations usually do not ac- 
company these injuries, and the need for an emer- 










Fig 5. (Case 2) Computed tomograms. A) Fractures have 
resulted in medial displacement of anterior third of right 
thyroid lamina in manner that resembles thyroplasty for 
vocal cord medialization. B) Early postoperative scan 
shows realignment of laminae. Different window was used 
because of scatter from stainless steel needles. 


gent tracheostomy is unusual. Therefore, many of 
these injuries will go undetected initially if the oto- 
laryngologist does not have a high index of suspicion 
and does not use CT scanning to evaluate the pa- 
tient on the basis of criteria similar to those used at 
our institution. Patients in whom such an injury is 
overlooked most likely will not develop laryngeal 
stenosis or suffer marked changes in phonation. 
However, it is clear that these less severe injuries 
can modify the glottic configuration sufficiently to 
alter the more subtle aspects of phonation, includ- 








Fig 6. (Case 3) Computed tomograms. A) There is almost 





total flattening of angle between lateral laminae, B) Early 
postoperative scan with translaryngeal wires visible imme- 
diately above level of anterior commissure. More normal 
interlaminal angle has been restored. 
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ing mean frequency and frequency range. Although 
such perturbations might not be a problem in day- 
to-day conversational speech, noticeable difficulties 
might arise for the public speaker or singer. 


Justification for an aggressive surgical approach 
in management of these injuries requires that an ac- 
curate, stable reduction be achieved. The wire-tube 
fixation technique has allowed us to achieve uni- 
formly good results in stabilizing fractures of even 
poorly mineralized thyroid cartilages, as demon- 
strated by the anatomic reductions on postoperative 


CT scans, symmetric vocal cord appearance on 
videolaryngoscopy, and, most important, by pa- 
tients’ satisfaction with their speaking and singing 
voices. We therefore urge that the otolaryngologist 
have a high index of suspicion for fractures of the 
thyroid cartilage following blunt neck trauma, even 
in patients less than 40 years of age, previously 
thought to be at low risk. High-resolution CT scan- 
ning can demonstrate previously undetectable thy- 
roid cartilage fractures, and treatment of those 
fractures can offer the patient an improved chance 
of regaining a near-normal if not normal voice. 
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INJECTION AND REMOVAL OF TEFLON FOR UNILATERAL 
VOCAL CORD PARALYSIS 


HERBERT H. DEDO, MD 
SAN FRANCISCO, CALIFORNIA 


For over 70 years, reinnervation attempts have been unsuccessful in restoring motion to paralyzed vocal cords, in spite of occasional 
claims to the contrary. Fortunately, the major defect of unilateral vocal cord paralysis, a soft and breathy voice, can be eliminated if the 
edge of the paralyzed vocal cord is moved to the midline. This permits the mobile vocal cord to adduct and therefore to vibrate firmly 
against the edge of the paralyzed vocal cord during phonation, eliminating the air leak between the vocal cords. Teflon injection of the 
paralyzed vocal cord does this effectively. It is accomplished most easily and reliably via indirect laryngoscopy under local anesthesia, so 
the effect on the voice can be monitored during the injection. Teflon can be easily removed from the vocal cord via direct laryngoscopy. 
The disadvantages of trying to medialize the edge of a paralyzed vocal cord via a window in the thyroid cartilage (laryngeal framework 


surgery) will be discussed. 


KEY WORDS — laryngeal framework surgery, medialization, neuromuscular grafts, recurrent laryngeal nerve paralysis, superior 


laryngeal nerve paralysis, Teflon injection, vocal cord. 


PROBLEM 


Two distinct categories of unilateral vocal cord 
paralysis exist: pure recurrent laryngeal nerve (RLN) 
paralysis and RLN plus superior laryngeal nerve 
(SLN) paralysis. These differences, plus variation in 
paralyzed vocal cord muscle atrophy and contrac- 


ture and compensation by the mobile vocal cord, 


explain the variations seen in paralyzed vocal cord 
shape and position, and therefore voice breathiness 
and weakness both before and after medialization 
of the edge of the paralyzed vocal fold. Unilateral 
RLN paralysis leaves the ipsilateral vocal cord in the 
paramedian position (Fig 1A-D) and RLN + SLN pa- 
ralysis places the edge more laterally in the interme- 
diate position (Fig 1E,F).* With RLN paralysis dur- 
ing phonation, however, the arytenoid of the para- 
lyzed vocal cord still adducts 1 to 2 mm and closes 
the posterior third of the glottis because of cricothy- 
roid muscle plus interarytenoid muscle contraction 
(Fig 1D). With RLN + SLN paralysis, the ipsilateral 
cricothyroid muscle is also paralyzed, so only the 
partial interarytenoid muscle contraction remains, 
because half its motor nerve supply is still available 
from the intact RLN, to partially adduct the pos- 
terior edge of the arytenoid. As a result, in 
RLN + SLN paralysis the arytenoid drifts slightly lat- 
erally from the midline (Fig 1E,F). This leaves a 
2-mm gap or chink between the arytenoids during 
phonation. Also, there is a wider chink between the 
membranous vocal cords, because the closing and 
tensing action of the cricoarytenoid muscle is lost 
and there is more vocal cord atrophy (and thus thin- 
ning) when both the SLN and RLN are paralyzed. 
Therefore, more air leakage, weakness, breathiness, 
and diplophonia — or, in some patients, paralytic 
falsetto (from overcompensation by the mobile 


cord) — occur during phonation in patients with 
RLN + SLN paralysis than in those with RLN paral- 
ysis alone. 


Since medialization of the membranous vocal 
cord with Teflon injection, laryngeal framework 
surgery, or neural grafts cannot close this posterior 
gap or chink, voice results in RLN + SLN paralysis 
patients usually are not quite as good as in patients 
with pure RLN paralysis. This has not been em- 
phasized enough, so surgeons and patients have not 
been prepared to accept a slightly breathy phona- 
tory voice as being a good result in these combined 
RLN + SLN paralysis cases. If the patient wishes, 
the posterior third chink can still be treated with 
arytenoid medialization.2, The improvement in 
RLN + SLN patients is usually more dramatic than 
in RLN patients, since their voice starts from a 
much worse level — often only a very breathy stage 
whisper. They are usually delighted with the result 
and do not wish an open operation. The typical re- 
sult after medialization in pure RLN paralysis is a 
voice improvement from a mildly or moderately 
breathy phonatory voice to a clear, nonbreathy, 
phonatory one. Diplophonia and paralytic falsetto, 
if present, can also be eliminated if Teflon injection 
is performed correctly. Since surgeons generally 
have not been trying to identify whether an appar- 
ently paralyzed vocal cord is due to paralysis of the 
RLN or RLN+SLN (or cricoarytenoid joint fixa- 
tion), they have not prepared themselves or their 
patients for the possibility that the patient’s breathy, 
weak voice may be improved, often dramatically, 
but not made fully normal by medialization of the 
paralyzed membranous vocal cord. 


Some doctors — whose patients have subsequent- 
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ly required partial Teflon removal — have injected 
too much Teflon either initially or later in their mis- 
taken attempt to close the posterior-third gap be- 
tween the arytenoids and to stop the breathiness 
(Fig 2). Posterior glottic closure is impossible with 
Teflon overinjection of the membranous cord. In- 
stead, a bigger posterior gap is created, because the 
mobile cord is held back by the bulging paralyzed 
vocal cord and the vibration of the mobile cord is 
interfered with so that the voice is made husky and 
coarse, or gravelly. Failure to recognize and accept 
the limitations of medialization of the membranous 
portion of a paralyzed vocal cord has not only 
caused surgeons to overinject cords, it has also 
caused them to change from Teflon injection to 
insertion of cartilage or silicone rubber into the 
paralyzed vocal cord via an open neck incision 
(laryngeal framework surgery),’* or to attempt la- 
ryngeal reinnervation.** Laryngeal framework sur- 
gery and reinnervation have been criticized as being 
less reliable, being harder on the patient, requiring 
Gelfoam injection,® and costing more than Teflon 
injection, while they do not provide a better voice. 
Initially, it was hoped that reinnervation would 
achieve remobilization of a paralyzed vocal cord. 
Now it is acknowledged that reinnervation does not 
achieve normal mobility,® and at best it may only 
medialize the edge of the cord so slightly after many 
months’? that it has still been necessary to inject 
Gelfoam into the vocal cord. In my experience, 
neural or neuromuscular grafting has not medial- 
ized the paralyzed vocal cord edge as reliably, inex- 
pensively, and rapidly or as easily for the patient as 
Teflon injection via indirect laryngoscopy’** — 
even when performed by its proponents in patients I 
have seen later. 


Fig 1. A,B) Normal vocal cords during A) inspiration and B) pho- 
nation. C,D) Right RLN paralysis (as seen via direct laryn- 
goscopy). C) Right vocal cord remains in paramedian position. D) 
On phonation, right arytenoid moves slightly to midline so left ary- 
tenoid can close against it, but membranous right vocal cord re- 
mains in paramedian position, leaving 1- to 2-mm glottic chink. 
E,F) Right RLN + SLN paralysis (as seen via direct laryngoscopy). 
Membranous cord is thinner and more bowed from atrophy and re- 
laxation. E) On inspiration, its edge is in intermediate position and 
vocal process is more apparent. F) On phonation, there is 2- to 
2.5-mm glottic chink between membranous vocal cords and gap 
between arytenoids. 





CLASSIFICATION OF VOICE 
ABNORMALITY CAUSED BY UNILATERAL 
VOCAL CORD PARALYSIS 


I use the following informal system to classify the 
degree or type of hoarseness caused by vocal cord 
paralysis. Incomplete or weak closure of the mobile 
vocal cord edge with the edge of the paralyzed vocal 
cord during phonation causes a voice weakness (poor 
projection or softness) and breathiness because of 
the air leakage between the vocal cords during pho- 
nation. If a large enough glottic chink or incompe- 
tence (2 to 3 mm at the widest point between vocal 
processes of arytenoids, usually from RLN+SLN 
paralysis) is present so one or both vocal cords fail to 
be thrown into vibration or oscillation, a pure whis- 
per or white noise type 4 voice will result. If there is 
a slightly narrower chink, with some vibration of at 
least one vocal cord releasing puffs of air plus white 
noise from the continuous air leak, there will be a 
stage whisper (ie, whisper and some actual phona- 
tion) or a type 3 voice. This may be seen in an early 
pure RLN paralysis, but in a late paralysis (after 4 
to 6 months of compensation) it is usually a result of 
RLN + SLN paralysis. 


If there is a narrower gap during phonation (1 to 
2 mm), a moderately breathy phonatory type 2 voice 
will result. If the mobile cord appears to close 
against the paralyzed vocal cord so no glottic chink 
is visible, but the closure is weak, the voice will be a 
slightly breathy phonatory type | voice, especially 
when the patient is fatigued or has been talking 
very much. 


A soft normal or solid (ie, nonbreathy) phonatory 
voice occurs when the vocal cords close firmly 
enough between each vibration to prevent constant 


ai 





area of 


eton 


air leak and breathiness. This can be present be- 
cause of unusually good compensation by the mo- 
bile vocal cord, but is rare in untreated unilateral 
RLN paralysis, especially late in the day. A normal 
voice requires firm closure of the vocal cord edges to 
allow normal subglottic pressure to be achieved, 
and therefore normal volume to be reached, during 
phonation. 


A paralytic falsetto (abnormally high fundamen- 
tal speaking frequency) voice occurs when the mo- 
bile vocal cord overcompensates while closing the 
chink, so while it eliminates the air leak and breath- 
iness, it is stretched so tightly that its frequency of 
vibration is elevated above normal. 


Diplophonia is the production of a harsh, husky, 
or gravelly voice that sounds as if there is mucus on 
the vocal cords when none is seen on indirect laryn- 
goscopy. It is the result of the lesser mass and ten- 
sion in the paralyzed vocal cord, causing it to vi- 
brate at a lower frequency than the normal vocal 
cord. 


SOLUTION 


Since normal motion cannot be surgically restored 
to a paralyzed vocal cord,° effective treatment re- 
quires its edge to be repositioned medially. If the 
edge of a paralyzed vocal cord is moved to the 
straight midline position, the air leak and therefore 
the breathiness and weakness (or paralytic falsetto, 
if present) will be eliminated. A near-normal or 
normal phonatory voice will be achieved because 
one or both vibrating vocal cords will be letting out 
strong puffs of air. If paralytic falsetto is present, it 
will be lowered or eliminated because the mobile, 
intact vocal cord will not have to be pulled so tight 
longitudinally in compensation. If diplophonia per- 
sists, injection of a little more Teflon to stop the ab- 
normal vibration of the paralyzed vocal cord can 
eliminate it. 


Three basic approaches have been used to medi- 
alize the edge of the paralyzed vocal cord: distal 
RLN anastomosis to proximal RLN or other motor 
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nerves, or insertion of neuromuscular grafts into in- 
trinsic laryngeal muscles; widening the paralyzed 
vocal cord by injecting Teflon; or inserting car- 
tilage, silicone rubber, or other materials lateral to 
the paralyzed cord via a hole cut in the thyroid car- 
tilage. 


Anastomosis of the ends of the severed RLN or of 
the distal RLN to another motor nerve in the area 
has been performed in humans by many surgeons 
for more than 70 years (when the severed ends could 
be found and joined) without restoring effective ad- 
duction during phonation, although resting tone 
may be improved after many months.*'' Visible 
adduction during phonation could not be achieved 
after prolonged follow-up, even when 16-0 monofil- 
ament nylon sutures and microsurgical techniques 
were used under ideal conditions on freshly cut 
RLNs in dogs. ? 


Neuromuscular grafts from local motor nerves 
and insertion of their motor end plates into laryn- 
geal muscles have not recovered effective motion or 
reliable repositioning. The ansa hypoglossi-omohy- 
oid* has been anastomosed into the posterior crico- 
arytenoid muscle for bilateral RLN paralysis in the 
hope of opening a paralyzed vocal cord during in- 
spiration. Vagus, ansa hypoglossus, and phrenic 
nerve fibers or motor end plates have been inserted 
into the thyroarytenoid muscle to try to achieve ad- 
duction during phonation. These procedures have 
failed to reliably restore effective or useful motion 
that is visible on indirect laryngoscopy or on 
film — even when performed by the proponents of 
reinnervation. +13 Lately, some authors have ad- 
mitted that normal motion was not regained from 
nerve transfer, but they claimed increased tone 
moved the vocal cord edge medially. If it was so ef- 
fective, however, why was it necessary in addition 
to inject Gelfoam into the vocal cord? Based on the 
results I have seen, reinnervation is neither consis- 
tent nor reliable.” 


The most reliable, effective technique for achiev- 
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Fig 3. A-D) Teflon is removed until collapse of width of cleft created by wedge resection with suction tip puts free cord edge along 
straight line from anterior commissure to edge of endotracheal tube. E) When healed, right vocal cord edge is straight and midline, 


and mobile cord meets it well. 


ing the best voice for a patient with unilateral vocal 
cord paralysis is to install material in the lateral 
portion of the paralyzed vocal fold to widen it and 
to push its free edge medially. This can be done by 
injecting Teflon via indirect laryngoscopy or with 
laryngeal framework surgery, in which cartilage? or 
silicone rubber wedges?’ are installed through a 
window made in the thyroid cartilage. 


Teflon injection and insertion of cartilage or sil- 
icone rubber wedges in the lateral portion of the 
membranous vocal cord are similar in that they do 
not medialize the arytenoid because it is posterior to 
the area that can be augmented.>" Also, if a large 
amount of foreign material is installed, the free 
edge of the paralyzed vocal cord will not vibrate, 
although this will not hurt the voice if the edge of 
the cord ends up straight and midline and if the 
mobile cord is normal. Since cartilage or silicone is 
placed lateral to the vocal cord, however, the cord 
can vibrate if a small amount is placed. Teflon also 
is injected lateral to the vibrating edge, and if the 
correct amount is used, the edge can vibrate just as 
well in synchrony with the mobile vocal cord. Both 
procedures require considerable experience with 
the technique and attention to detail to get the best 
results, 


The laryngeal framework approach has several 
disadvantages. Installing silicone or cartilage 
wedges through a hole made in the thyroid cartilage 
requires a neck incision. The procedure usually 
takes more than an hour, allowing edema to accu- 
mulate in the vocal cord and causing difficulty in 
judging how large a block of foreign material to in- 
stall, as well as prolonging patient discomfort. In- 
creasing or decreasing the medialization of the cord 
edge subtly and rapidly is difficult. The relatively 
large block of foreign material can be displaced or 
become infected, necessitating removal through an- 
other open neck operation. The vocal cord must be 
observed through a fiberoptic laryngoscope, which 
gives a grainy, less precise view of the vocal cord 
edge than a mirror examination does on indirect 
laryngoscopy. The patient must be lying down un- 


der a drape, possibly sedated or under a general an- 
esthetic; hence, evaluating the effect on the voice of 
the insertion of a given size wedge of silicone rubber 
or cartilage is more difficult than with Teflon injec- 
tion via indirect laryngoscopy with the patient sit- 
ting up. Removal and replacement with a larger 
wedge is difficult because it requires another open 
operation. In addition, the procedure is two to 
three times as expensive as Teflon injection. 


Advantages of Teflon Injection. I prefer Teflon 
injection via indirect laryngoscopy because it only 
takes about 10 minutes — 9'/, minutes to topically 
anesthetize and a few seconds to inject — using the 
technique shown in detail in my surgical atlas." 
Thus, it is easier on the patient and can be com- 
pleted before edema distorts the vocal cord. This is 
important because subtle edema starts to accumu- 
late in the paralyzed vocal cord within 2 to 5 min- 
utes after the first needle insertion. If there is delay 
in completion of the medialization, this causes dif- 
ficulty in seeing and hearing whether the correct 
amount of medialization has been achieved. Using 
Teflon paste, the vocal cord can be gradually wid- 
ened by very small (0.1 mL) increments until the 
cord edge is midline while it is seen clearly and well 
in the mirror. Then the needle is withdrawn to a 
point just above the cord so it will not cause distor- 
tion, the patient is asked to say “he” or “ho,” and 
the effect on the vocal cord and voice quality is con- 
firmed by auditory perception. If a little more Tef- 
lon is required, it is injected and then the undersur- 
face bulge is massaged back with the needle shank.” 


The injected Teflon is in microscopic particles, so 
it is well tolerated by the tissues.’* (I have only seen 
late convexity develop in the cord edge in 2% to 3% 
of patients.) The patient is sitting up and is not 
under a drape, so he or she can phonate and talk 
normally and easily. Teflon injection is cost-effec- 
tive. If necessary (eg, if too much is injected, cord 
motion returns, or a rare, small intracordal granu- 
loma develops), the Teflon is easily removed par- 
tially or completely via direct laryngoscopy'*’° 
without a neck incision (Figs 2 and 3). If enough 


NX 
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Teflon is injected to stop vibration of the edge of the 
paralyzed vocal cord, eg, to eliminate diplophonia, 
a normal voice can still be achieved, provided the 
edge of the paralyzed vocal cord is straight and 
midline (Fig 3E) and the mobile cord has normal vi- 
bration. It is not necessary for the edge of the para- 
lyzed vocal cord to vibrate to achieve a normal 
voice! 


DISCUSSION 


Augmentation or medialization of a paralyzed 
vocal cord (or one of a pair of bowed mobile vocal 
cords, as can occur in the elderly) is a form of vocal 
plastic surgery or phonosurgery. The unwanted vo- 
cal characteristics such as breathiness, weakness, 
paralytic falsetto, or diplophonia can be decreased 
or eliminated in a graded fashion that must be 
matched to the severity of the voice abnormality. 
Vocal cord medialization is similar to facial plastic 
surgery, liposuction, or breast augmentation in that 
the amount of material added or subtracted is im- 
portant. In fact, in the vocal cord a one-drop differ- 
ence in injected volume and a 1- to 2-mm difference 


in location of the paralyzed cord edge can have a- 


large effect on the voice. As with surgery in general 
and plastic surgery in particular, the correct selec- 
tion of patients and a precise surgical technique are 
very important in phonosurgery. Straightening and 
moving the medial edge of the vocal cord 1 to 2 mm 
to the midline can dramatically improve the voice, 
but bulging it 1 to 2 mm past the midline can elimi- 
nate the improvement and cause a rough and husky 
or gravelly voice that may be a disappointment. 


The difficult part of Teflon injection via indirect 
laryngoscopy is developing eye-hand facility in in- 
serting the curved needle into the vocal cord lateral 
to the vocal process of the arytenoid while looking 
at it in a laryngeal mirror. This is because the mir- 
ror image makes the needle appear to move to the 
right when the eye and hand try to move it to the 
left. This skill can be learned in vitro, however, by 
practicing with a headlight and laryngeal mirror 
while moving and positioning a curved Teflon in- 
jection needle on a Bruening syringe (Storz Instru- 
ment Co, St Louis, Mo) into a vocal cord drawn on 
a rubber glove or a piece of chicken breast placed in 
a small can. 


The amount to be injected (usually only two to 
four clicks) is relatively easy to determine by watch- 
ing the vocal cord edge and listening to the decreas- 
ing breathiness and increasing voice strength and 
clarity during trial phonations as this edge is moved 


, to the straight midline position, allowing the mobile . 
cord to close against it firmly. The skills required in © 


installing the correct size, shape, and location of a 


` cartilage or silicone rubber insert via a hole in the . 


thyroid cartilage are not practiced so easily in vivo 
or in vitro. 
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I do not inject collagen into the vocal cord any- 
more because it is absorbed in 2 to 3 months and 
thus requires reinjection every few months. Injec- 
tion of Gelfoam causes scarring within the vocal 
cord and is not desirable for temporary relief while 
seeing if a nerve may recover. Recurrent laryngeal 
nerve paralysis rarely recovers, with the exception 
of an occasional recovery after spontaneous paraly- 
sis or carotid artery endarterectomy or anterior cer- 
vical fusion when the nerve was just bruised by a re- 
tractor. Furthermore, there is no reason in these 
rare cases to expect the Gelfoam to be absorbed just 
when neural function returns. I have injected Tef- 
lon when there is a small chance of spontaneous 
recovery of motion and the patient cannot wait 6 to 
12 months (eg, because of aspiration or loss of a job 
due to a weak voice). In two of my cases in which 
the paralysis cleared, the Teflon was removed with- 


_ out losing cord motion. 3-45 


SUMMARY 


Neural or neuromuscular anastomosis and frame- 
work surgery do not restore normal vocal cord mo- 
tion and at best may increase thyroarytenoid muscle 
tone and volume slightly. If these techniques do im- 
prove a voice, open surgery is required, which is 
more extensive, prolonged, expensive, and less reli- 
able than Teflon injection done correctly. Also, 
with neural anastomosis or neuromuscular grafts, 
months — not minutes — will pass before voice 
improvement occurs, if it does. These patients may 


` still need injection of material into the paralyzed 


cord to achieve proper medialization. 


Teflon injection can be technically challenging at 
first for the surgeon. In my opinion, which is based 
on performing more than 400 Teflon vocal cord in- 
jections via indirect laryngoscopy and 8 via direct 
laryngoscopy under general anesthesia (required 
because of severe gagging, vertigo, paraplegia, etc), 
this is the easiest (for the patient), safest, most reli- 
able, and most effective available means of restor- 
ing the best possible voice after unilateral vocal 
cord paralysis. Very small increments of Teflon can 
be injected while the surgeon observes the vocal 
cord and listens to the patient’s voice to determine 
the correct end point. Then the inferior surface of 
the vocal cord can be molded slightly with the side 
of the needle as necessary, because the vocal cord is 
plastic until fibrosis fixes the Teflon particles in 
place 2 to 3 weeks postoperatively. If the minimum 
required amount of Teflon is placed laterally and 
posteriorly in the membranous paralyzed vocal 
cord, the free edge of the cord will vibrate in syn- 
chrony with the normal cord, although vibration of 
the edge of the paralyzed cord is not necessary to 
create a clear, solid phonatory voice. Teflon can 
easily be partially or completely removed later via 
direct laryngoscopy, if necessary. 
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EFFECT OF PRIOR ANTIBIOTIC TREATMENT ON MIDDLE EAR 
DISEASE IN CHILDREN 


HOWARD FADEN, MD 
JOEL BERNSTEIN, MD LINDA BRODSKY, MD 
JOHN STANIEVICH, MD PEARAY L. OGRA, MD 
BUFFALO, NEW YORK 


The effect of prior antibiotic treatment on the course of otitis media was assessed in a group of 62 children who experienced 83 episodes 
of ear infection during 3 years of observation. Bacterial quantitation in middle ear fluids demonstrated a significantly higher colony count 
in symptomatic children (3.9 x 10*+ 12 bacteria per milliliter) compared to asymptomatic children (6.3 x 10°+ 10 bacteria per milliliter; 
p = .05). Bacterial counts similarly tended to be higher in children with Streptococcus pneumoniae (4.0 x 10° + 16 bacteria per milliliter} 
and Hemophilus influenzae (2.0 x 10° + 16 bacteria per milliliter), who were more often symptomatic (73% and 55% , respectively, versus 
38 % ) than children with Moraxella catarrhalis (7.9 x 10° + 2), Antibiotic therapy between 3 and 30 days prior to bacterial diagnosis was as- 
sociated with a reduction in symptoms from 70% to 38% (p< .025). However, prior treatment did not statistically reduce bacterial colony 
counts, although S pneumoniae decreased 90% in the previously treated group. Resistance to ampicillin occurred in 0% of § pneumoniae, 
39% of nontypeable H influenzae, and 80% of M catarrhalis subjects without prior treatment and in 0% , 46% , and 100% , respectively, of 
subjects previously treated (p< .025). These data suggest that prior treatment has a significant impact on the subsequent course of otitis me- 
dia in children. 


KEY WORDS — antibiotics, Hemophilus influenzae, microbiology, Moraxella catarrhalis, otitis media, Streptococcus pneumoniae. 


INTRODUCTION and during episodes of otitis media. Otitis media 
Otitis media is a very common childhood prob- with effusion was diagnosed by pneumatic otoscopy 
lem. Approximately 84% of children will experi- and tympanometry. Subjects were categorized at 
ence one or more ear infections by the age of 3 clinical presentation as symptomatic or asymptom- 
years, and 46% will have two or more episodes.' atic. Symptomatic subjects exhibited fever, otalgia, 
Three bacteria, Streptococcus pneumoniae, non- upper respiratory tract signs, ear drainage, or a 
typeable Hemophilus influenzae, and Moraxella bulging eardrum, while asymptomatic individuals 
catarrhalis, cause approximately 50% of the epi- had evidence of middle ear fluid alone. The dura- 
sodes, while 30% to 40% have no identifiable bac- tion of middle ear fluid was classified as acute (less 
terial cause.? In recurrent and chronic forms of than 3 weeks), subacute (3 weeks to 3 months), and 
otitis media, nontypeable H influenzae assumes a chronic (more than 3 months). The use of antibiot- 
more prominent role.*-* Thus, initial empiric treat- ics within 30 days prior to the tympanocentesis was 
ment is most often directed against the three major recorded as part of the epidemiologic data. 


pathogens. At the present time, ampicillin-amoxi- 
cillin is recommended as the primary drug for acute 
otitis media.? The purpose of the present study was 
to ascertain the effects of prior antibiotic treatment 
on the course of middle ear disease and on antibiotic 
susceptibility patterns. 


Isolation and Identification of Bacteria. A total of 
320 tympanocenteses were performed for otitis me- 
dia. Middle ear fluid was aspirated into an Alden- 
Senturia trap and transferred to the Bacteriology 
Laboratory. An aliquot of fluid was cultured 
aerobically on plates of 5% sheep blood, phen- 
ylethanol agar with 5% sheep blood, chocolate 


MATERIALS AND METHODS agar, and MacConkey agar, and in brain-heart in- 
Population. Two hundred twenty children were fusion broth (Remel, Lenexa, Kan). The plates were 
enrolled in a prospective study of otitis media. The incubated in 5% CO2 at 37°C except for Mac- 
children ranged in age from birth to 3 years at the Conkey agar and brain-heart infusion broth, which 
time of entrance into the study. Thirty-nine percent were incubated in a non-CO2 incubator. Bacterial 
were at least 6 months old, 32% were 7 to 12 months isolates were identified according to standard labo- 
old, and 29% were more than 12 months old. Thir- ratory procedures.’ Nontypeable H influenzae was 
ty-two percent had no history of otitis media, 51% characterized by X and V factors and by an absence 
had one to five episodes, and 17% had more than of agglutination with typing sera. Streptococcus 
five episodes at the time of entrance into the study. pneumoniae was identified by bile solubility. 
The children were examined regularly every 3 months Moraxella catarrhalis was identified by the oxidase 


Marie amir rimeysetnie cena hb tha tay tan ad anana ON 


REPRINTS -- Howard Faden, MD, Division of Infectious Diseases, Children’s Hospital of Buffalo, 219 Bryant St, Buffalo, NY 14222. 
87 


88 Faden et al, Antibiotics ¢> Otitis Media 


TABLE 1. CHARACTERISTICS OF CHILDREN AND EPISODES OF OTITIS MEDIA 


Streptococcus 

Characteristics pneumoniae 
No, of episodes* 22 
Age 

Range (y) 0.8-1.8 

Mean + SD (y) 1.30.4 
Sex (M:F) 11:11 
Episodes 

Range l-11 

Median 6 
Symptoms 

Symptomatic 16 

Asymptomatic 6 
Duration 

Acute (<3 wk) 17 

Subacute (3 wk to 3 mo) 1 

Chronic (>3 mo) 4 
Prior antibiotics 

Yes 1 

No 15 


Antibiotic used 
Ampicillin-amoxicillin 4 
Cefaclor 2 
Trimethoprim-sulfamethoxazole 1 
Ampicillin-clavulanate 0 


Nontypeable 
Hemophilus Moraxella 

influenzae catarrhalis Total 

40 21 83 
0.5-3.0 0.7-2.0 0.5-3.0 

1.520.8 1.2+0.4 1.4+0.6 

21:19 11:10 43:40 
1-13 1-10 1-13 

6 6 6 

22 8 46 

18 13 37 

18 9 44 

1l 3 15 

ll 9 24 

22 16 45 

18 5 38 

13 10 27 

6 l 9 

3 3 7 

0 2 2 


*Sixteen children had two or more episodes of otitis media, and each episode in individual was due to different pathogen. 


reaction, colonial morphology, Gram stain, and 
quad Ferm (Api, Analytab Products, Plainview, 
NY). Aerobic cultures of the middle ear fluid yield- 
ed nontypeable H influenzae in 23% , S pneumoniae 
in 14%, M catarrhalis in 11%, and other organisms 
(coagulase-negative and -positive staphylococci, 
diphtheroids, viridans streptococci, group A Strep- 
tococcus, and H influenzae type b) in 30%. Twen- 
ty-seven percent of the effusions were sterile. 


Antimicrobial Susceptibility Testing. Antimicro- 
bial disk susceptibility tests were performed accord- 
ing to the recommendations of the National Com- 
mittee for Clinical Laboratory Standards when ap- 
plicable.*’ Briefly, bacterial colonies grown on agar 
plates for 18 to 24 hours were removed and suspended 
in saline to a turbidity equivalent to a barium sul- 
fate McFarland standard of 0.5. The suspension 
was streaked with a swab over an entire agar sur- 
face. This was repeated several times after rotating 
the plate. After the excess moisture was absorbed, 
drug-impregnated disks were applied. The follow- 
ing disks were used: penicillin 10 pg, ampicillin 10 
pg, and oxacillin 1 ug (Difco Laboratories, Inc, De- 
troit, Mich). Nontypeable H influenzae susceptibil- 
ity testing was performed on Mueller-Hinton agar 
supplemented with 1% hemoglobin and 1% Isovi- 
talex (BBL, Inc, Baltimore, Md); zones of inhibition 
were measured after 18 to 24 hours of incubation at 
37°C in 5% CO2. Ampicillin susceptibility of non- 
typeable H influenzae was defined by a zone of in- 
hibition of 20 mm or more.’ Streptococcus pneumo- 
niae and M catarrhalis susceptibility testing was 


performed on Mueller-Hinton agar with sheep 
blood; zones of inhibition were measured after 18 to 
24 hours of incubation at 37°C in a non-CO2 incu- 
bator. Penicillin susceptibility of S pneumoniae was 
assessed with a l-yg oxacillin disk.*° Ampicillin sus- 
ceptibility of M catarrhalis was defined by a zone of 
inhibition of 29 mm or more.*™ 


Statistics. Data were analyzed by x? with Fisher’s 
exact test, and with Student’s unpaired ¢ test. 


RESULTS 


Population. Sixty-two children constituted the 
study population for the present report. They repre- 
sented only those children who had otitis media due 
to S pneumoniae, nontypeable H influenzae, or M 
catarrhalis and who had sufficient clinical and lab- 
oratory data for analysis. Only one episode of otitis 
media due to the same type of pathogen in a single 
subject with recurrent infections was evaluated. 
Children with mixed infections were excluded. - 
There were 31 boys and 31 girls who ranged be- 
tween 6 months and 3 years of age. The individuals 
had experienced a prior history of otitis media of be- 
tween l and 13 episodes (median, 6 episodes). Dur- 
ing the 3-year period of observation included in this 
study, the subjects had 83 separate episodes of otitis 
media; 46 children had 1 episode, 11 had 2 epi- 
sodes, and 5 had 3 episodes (Table 1). Forty-six of 
the episodes were categorized as symptomatic and 
37 as asymptomatic. The infections were classified 
as acute in 44, subacute in 15, and chronic in 24. 
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TABLE 2. EFFECT OF PRIOR TREATMENT ON DEVELOPMENT OF AMPICILLIN RESISTANCE 


Organism None 
Streptococcus pneumoniae 0/15 ( 0%) a 
Nontypeable Hemophilus influenzae 7/18 (39%) c 
Moraxella catarrhalis 415 (80%)e 
Total 11/38 (30%) g 
a versus b, c versus d, and e versus f, not significant. 
g versus h, p< .025. 


Bacteriology and Penicillin-Ampicillin Suscepti- 
bility. Twenty-two episodes of otitis media were 
due to S pneumoniae, 40 episodes were due to non- 
typeable H influenzae, and 21 episodes were due to 
M catarrhalis (Table 1). Among the 16 children 
who had more than 1 episode of otitis media during 
the observation period, each episode in an individ- 
ual was due to a different pathogen. 


Streptococcus pneumoniae was fully susceptible 
to penicillin. In contrast, 42% of nontypeable H in- 
fluenzae isolates were resistant to ampicillin. Nine- 
ty percent of strains of M catarrhalis were resistant 
to ampicillin. 


Differences in Characteristics of Children by Patho- 
gen. The three groups of children were similar with 
respect to age, sex, and number of episodes of otitis 
media. The majority of children with pneumococ- 
cal (73%) and H influenzae (55%) disease were 
symptomatic at the time of presentation, while only 
38 % of children with M catarrhalis were symptom- 
atic (p<.05). More than 75% of children with 
pneumococcal disease had acute otitis media, com- 
pared to 42% or less of the children with H influen- 
zae and M catarrhalis infections (p< .01). 


Effect of Prior Antibiotic Treatment. Antibiotics 
had been administered in 45 of 83 episodes (54%) 
between 3 and 30 days prior to the tympanocente- 
sis. Symptoms were present in 38% of the treated 
individuals and in 70% of the untreated (p< .025). 
Overall, ampicillin-amoxicillin resistance occurred 
more often among bacterial isolates from children 
previously treated (59%) than among isolates from 
untreated children (80%; p< .025; Table 2). How- 
ever, no significant differences were detected for 
the individual pathogens. 


Quantitative bacteriology was performed on 51 
middle ear fluids. Children with acute otitis media 
tended to have a greater number of bacteria in mid- 
dle ear fluids than children with subacute or chron- 
ic otitis media (3.2 x 10*+12 versus 7.9 x 10°+10 
bacteria per milliliter), but the difference was not 
statistically significant. Regardless of the pathogen, 
symptomatic children had significantly more bacte- 
ria per milliliter in middle ear fluids than asymptom- 
atic children (3.9 x 104412 versus 6.3 x 10?+10; 
p=.05; Fig 1). Twenty-seven of the specimens 
came from children who had not received antibiot- 
ics and 24 from children who had. Although 70% of 
middle ear fluids from untreated subjects contained 


16/27 ( 59%) h 


Ampicillin- 

Amoxicillin Other Total 
0/4 ( 0%)b 0/3 { 0%) 0/22 ( 0%) 
6/13 ( 46%) d 419 (44%) 17/40 (43%) 
10/10 (100%) f 5/6 (83%) 19/21 (90%) 


9/18 (50%) 36/83 (43%) 


more than 10° bacteria per milliliter and 54% of 
middle ear fluids from treated subjects contained 
more than 10? bacteria per milliliter, the mean + SD 
bacterial counts for the two groups did not differ 
significantly (2.0 x 10*+12 versus 1.0 x 10*+10; 
not significant). For individual pathogens, S pneu- 
moniae (4.0 x 10*+16 per milliliter) and nontype- 
able H influenzae (2.0 x 10*+16 per milliliter) 
tended to have more bacteria than M catarrhalis 
(7.9 x 10°+2) among untreated subjects (Fig 2). 
Prior treatment appeared to reduce the colony 
count most dramatically for S pneumoniae (90%), 
but the difference was not statistically significant. 


DISCUSSION 


The population in the present study primarily 
represented a group of children with recurrent 
episodes of otitis media. As expected, nontypeable 
H influenzae accounted for the greatest proportion 
of the cases.” Children with nontypeable H in- 
fluenzae and S pneumoniae were more often symp- 
tomatic than were children with M catarrhalis. 
This may have been due, in part, to the greater 
number of bacteria contained in middle ear fluids 


Log Bacterial Count /mL 





Fig 1. Comparison of bacterial counts in middle ear fluids 
from untreated symptomatic and asymptomatic children 
with otitis media, Difference between mean bacterial 
count of symptomatic and asymptomatic children was sig- 
nificant at p=.05. X — S pneumoniae, O — nontype- 
able H influenzae, @ — M catarrhalis. 
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Fig 2. Comparison of bacterial counts in middle ear fluids 
infected with S pneumoniae, nontypeable H influenzae, or 
M catarrhalis (untreated subjects). 


with the former two organisms. A similar disparity 
of colony counts in middle ear fluids was observed 
previously by Wald et al.’? Further analysis of 
bacterial counts in middle ear fluids suggested that 
acute episodes of ear infection tended to have more 
bacteria than subacute or chronic episodes, al- 
though the difference was not significant. 


Prior use of antibiotics was associated with a 
reduction in symptoms at the time of presentation 
for the tympanocentesis. Although the number of 
bacteria in middle ear fluids was not statistically 
less in children previously treated, circumstantial 
evidence suggested that the decline in symptoms 
was related, in part, to lower bacterial counts in 
middle ear fluids. 


Prior use of antibiotics was also associated with a 
change in the pattern of antibiotic susceptibilities. 
Overall, 42% of the strains of nontypeable H in- 
fluenzae were resistant to ampicillin-amoxicillin. 
Since nontypeable H influenzae resistance to am- 
picillin was first identified in 1976, there has been a 
progressive rise in the resistance rate.’ In Pitts- 
burgh alone, resistance doubled from 17% in 1981 
to 34% in 1986.* Ampicillin resistance rates, how- 
ever, appear to vary markedly among medical cen- 
ters in various regions. For example, in a recent na- 
tional survey with 2,811 nontypeable H influenzae 
isolates from 30 medical centers, resistance to am- 
picillin varied from 0% to 29%.'* Similarly, M 
catarrhalis demonstrated a high rate of ampicillin 
resistance (90%) in the present report. Even if a 
smaller zone of inhibition (19 mm) had been used to 
define resistance, the rate of resistance would have 
exceeded 75 % .'* On the other hand, S pneumoniae 
was uniformly susceptible to the antibiotics tested. 
Although others have reported a number of penicil- 
lin-resistant or intermediately susceptible strains, 
all of the isolates examined in this study were fully 
susceptible to penicillin.'*!7 The failure to detect 
resistance among isolates of pneumococci within a 
population with recurrent otitis media is perplexing 
in light of recent reports of resistance from the 
United States and other countries. ° 


In conclusion, the present study demonstrates 
that prior treatment with antibiotics dramatically 
alters the clinical picture of otitis media and results 
in an increase in antibiotic resistance among middle 
ear pathogens such as nontypeable H influenzae 
and M catarrhalis, but not S pneumoniae. 
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DIAGNOSTIC AND OPERATIVE SINUS ENDOSCOPY 


A course on Diagnostic and Operative Sinus Endoscopy will be held January 24-25, 1992, at the NYU Medical Center, Schwartz Lec- 
ture Hall, in New York. For further information, contact NYU Medical Center, Post-Graduate Medical School, 550 First Avenue, New 
York, NY 10016; (212) 263-5295. 
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INTERNATIONAL HEARING AID CONFERENCE 
GENERAL ANNOUNCEMENT AND CALL FOR PAPERS 


An International Hearing Aid Conference will be held June 15-17, 1993, at The University of Iowa, Iowa City, Iowa. For information 
on registration and accommodation, contact the Conference Center, University of lowa, Memorial Union, Iowa City, IA 52242; (319) 
335-3231, Fax (319) 335-3407. For information on Call for Papers, contact Regina Tisor (319) 356-2471, Fax (319) 356-4547. We have ap- 
plied for Continuing Education Units from ASHA and HAIC. 
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PLASMA CELL GRANULOMA OF THE MIDDLE EAR AND MASTOID 
CASE REPORT 


NICK C. BENTON, MD 


PANORAMA CITY, CALIFORNIA 


HAROLD W. KOROL, MD 


REDWOOD CITY, CALIFORNIA 


LAWRENCE T. SMYTH, JR, MD 
REDWOOD CITY, CALIFORNIA 


We present the case of a 37-year-old man with plasma cell granuloma affecting the middle ear and mastoid. At magnetic resonance 
imaging scan, the lesion appeared as a homogeneously enhancing mass of soft tissue replacing the majority of the mastoid bone and causing 
vascular compression. After surgical resection, microscopic examination showed predominantly plasmacytes, and histochemical studies 
confirmed a polyclonal origin consistent with nonneoplastic plasma cell granuloma. We believe this is the first case report of plasma cell 


granuloma affecting the middle ear and mastoid. 


KEY WORDS — mastoid, middle ear, plasma cell granuloma. 


INTRODUCTION 


Plasma cell granuloma is a rare lesion formed by 
proliferation of polyclonal, nonneoplastic plasma 
cells. Several case reports in the literature describe 
plasma cell granuloma of the brain, lungs,* gas- 
trointestinal tract,’ kidneys,® salivary glands, and 
skin.” However, no cases of middle ear or mastoid 
plasma cell granuloma have vet been reported. We 
present an unusual case confirmed by histologic and 
histochemical studies. 
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CASE REPORT 


At 27 years of age the patient had a chronic, 
draining oro-antral fistula after a tooth extraction, 
The fistula was closed and the Caldwell-Luc oper- 
tion was done at another institution. Tissue was re- 
moved from the maxillary sinus, and the lesion was 
diagnosed as atypical histiocytosis X. Results of met- 
astatic evaluation were negative for disseminated 
histiocytosis X. 


The patient had been unavailable for follow-up 





Fig 1. Left mastoid bone lesion. A) Magnetic resonance image, axial view, enhanced on T1-weighted image. B) Venous phase angio- 
gram. Frontal view shows how left major venous drainage pathways have failed to enhance. 
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Fig 2. Photomicrographs of histologic speci- 
men showing predominance of plasmacytes 
and absence of meningothelial cells. A) Low- 
power view. B) High-power view. 


at that facility for 10 years when he was seen in our 
medical office for left ear pain and diminished hear- 
ing that had persisted for nearly 2 years. The pa- 
tient denied having ear drainage, tinnitus, vertigo, 
or other cranial nerve symptoms. At physical exami- 
nation, the tympanic membrane was normal and 
mobile. Cranial nerve examination results were 
normal. An audiogram showed a diminished speech 
reception threshold with a moderate to severe con- 
ductive loss and diminished speech discrimination. 
A magnetic resonance imaging (MRI) scan (Fig 1A) 
showed a homogeneously enhancing soft tissue mass 
in the left mastoid bone that extended into the mid- 
dle cranial fossa and petrous apex. We believed that 
this mass was consistent with a primary meningio- 
ma of the temporal bone. Because vascular com- 
pression was evident at MRI, arteriography was 
done, which confirmed occlusion of the distal left 
transverse and sigmoid sinuses (Fig 1B). 





ture was absent. The facial nerve was widely dehis- 


The postoperative course was uneventful. The 


Pathology. Microscopic examination revealed a 
fibrotic and lymphoplasmacytic infiltrate without 
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identifiable meningothelial cells (Fig 2). Histo- 
chemical stains confirmed polyclonal origin and 
both lambda and kappa light chains. A final diag- 
nosis of an inflammatory pseudotumor, a plasma 
cell variant, was made. The description of speci- 
mens from the Caldwell-Luc operation done 10 
years earlier was identical, although direct compar- 
ison was not possible. 


DISCUSSION 


We have described the case of a plasma cell 
granuloma that had first appeared 10 years earlier 
affecting the maxillary sinus. Mirra et alë described 
an 11-year-old girl who had an inflammatory mass 
with predominant plasma cell infiltrates in the an- 
terior cranial fossa and in whom, during postopera- 
tive follow-up, a maxillary sinus lesion developed. 
The interval between the clinical appearance of the 
two lesions, however, was only 13 months. These 
two cases and the histologic pictures are similar. 
However, the comparison may not be valid because 
the meningothelial elements present in the case re- 
ported by Mirra et al indicate a meningioma vari- 
ant and not a true plasma cell granuloma. Sinus his- 
tiocytosis with massive lymphadenopathy, another 
disorder that has been described, may intracranial- 
ly mimic a meningioma,’ and a link between sinus 
histiocytosis and plasma cell granuloma has been 
suggested.” 


Central nervous system disease has been treated 
surgically; two patients received postoperative ra- 
diotherapy.*° Horten et al reported three cases of 
meningiomas with conspicuous plasma cell lympho- 
cytic components. One patient died of persistent 
disease after surgical resection with postoperative 
irradiation and chemotherapy. However, it is un- 
clear if these atypical meningiomas would have re- 
sponded to treatment in the same way as a true plas- 
ma cell granuloma. With this exception, the pa- 
tients followed up in these reports remained free of 
disease, but long-term follow-up was not noted. 
Our patient received postoperative radiotherapy 
and remained free of disease for 1 year after opera- 
tion, as shown by subsequent MRI scans and exami- 
nation results. 


SUMMARY 


We believe that this is the first reported case of 
plasma cell granuloma involving the middle ear and 
mastoid. The presence of an identical lesion of the 
maxillary sinus 10 years earlier attests to the in- 
dolent progression of this disorder. Long-term fol- 
low-up is advised for patients with a diagnosis of 
plasma cell granuloma. Treatment has been pri- 
marily surgical. Postoperative radiotherapy has 
been used in our patient and in two other reported 
patients with central nervous system disease.'* 
Short-term prognosis has been good, but long-term 
results are unavailable. 
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EFFECTS OF AEROSOLIZED DEXAMETHASONE ON ACUTE 
SUBGLOTTIC INJURY 


THOMAS C. KRYZER, JR, MD 
CHARLOTTESVILLE, VIRGINIA 
CARLOS GONZALEZ, MD MAJ LAWRENCE P. A. BURGESS, MC, USA 


HATO REY, PUERTO RICO HONOLULU, HAWAII 


Aerosolized dexamethasone was used in a two-phase study to determine the possible effects on acute subglottic injury in the ferret ani- 
mal model. In phase 1, equivalent subglottic injuries were made in 10 animals by using the brush technique, and the animals were divided 
into two groups. The treatment group received aerosolized dexamethasone at 2, 4, and 6 hours postinjury. All animals were examined 2, 4, 
6, and 24 hours after the injury. The clinical condition of each animal was evaluated and their airways were measured. The animals were 
then painlessly killed and the larynges were frozen, sectioned, and photographed at 1-mm intervals. A computer-linked digitizer pad was 
used to measure the subglottic dimensions. The results show a trend for the treated animals to have a larger subglottic airway as compared 
to the untreated (control) group. The phase 1 study suggests that there may be an improvement in the subglottic airway when treated 
acutely with aerosolized dexamethasone. In phase 2, 20 additional animals were studied by using the same methods of injury and treat- 
ment as in phase 1. The subglottic airways of these animals were evaluated with histomorphometric analysis on fixed histologic sections. A 
statistically significant difference was found between the subglottic airways of the treated and untreated animals favoring treatment with 
aerosolized dexamethasone. Aerosolized dexamethasone appears to be beneficial in preserving the subglottic airway after injury, possibly 
secondary to decreasing the edema associated with injury. 


KEY WORDS — animal model, laryngeal injury, steroid treatment. 


INTRODUCTION the airway and is formed by a complete cartilagi- 

Acute subglottic injury with subsequent edema nous ring. Significant injury to this area with subse- 
may cause significant airway narrowing, mani- quent edema causes airway compromise and delays 
fested by severe compromise of ventilation and oxy- successful extubation. Reintubation, while relieving 
genation. Causes of airway obstruction include in- the obstruction, causes additional trauma to an al- 
fectious, traumatic, and inflammatory diseases; ready injured aren Tracheotomy, if required, is as- 
however, a significant contributing factor in all sociated with other significant airway morbidities. 
Cale paca edema with subsequent airway com- Chronic subglottic stenosis as a long-term compli- 
promise. cation of acute laryngeal injury occurs in only a 


small percentage of children.' However, this is a 
devastating complication and has caused investiga- 
tors to pursue medical management and prophylax- 
is such as parenteral and intralesional steroids.?- 
Although these studies have shown possible benefi- 
cial effects in the acute phase of edema, both of 
these treatments have their own significant draw- 
backs and side effects. Possible systemic effects of 
parenteral steroids and repeated general anesthesia 
for the delivery of intralesional steroids are associ- 
ated with these two modes of treatment. Aerosol- 
ized steroids, if effective, would possess the benefits 
of a noninvasive delivery technique with negligible 


Subglottic trauma is frequently encountered in 
the form of intubation injury and laryngotracheo- 
bronchitis, presenting with symptoms of stridor, re- 
tractions, and a “croupy” cough. Children are most 
susceptible to this problem, with postintubation 
croup being rather uncommon in the adult. Sub- 
glottic mucosal injury with subsequent edema is the 
purported cause of this disorder.! The amount of in- 
jury may vary in severity from mild edema of the 
subglottic soft tissues to frank mucosal ulceration. 
Prolonged intubation as well as traumatic intuba- 
tion has been implicated in significant subglottic in- 
jury. Positive pressure ventilation causing endotra- 


cheal tube movement in the subglottis and repeated systemic absorption. 

trauma to this tissue may lead to further mucosal in- In order to study the possible effects of aerosolized 
jury. The subglottic region is at particular risk to ef- dexamethasone on the edema associated with acute 
fects of injury, since it is the narrowest portion of subglottic injury, we performed a study using the 
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Fig 1. Endoscopic views of larynx. A) Two hours after injury in treated animal. B) Two hours after injury in untreated animal. C) 


Six hours after injury in treated animal. D) Six hours after injury in untreated animal. E) Twenty-four hours after injury in treated 
animal. F) Twenty-four hours after injury in untreated animal. 
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Fig 2. Histologic section of ferret larynx 
through subglottis (H & E, original x6.25). 
Cross-hatching — subglottic airway, ar- 
rows — intracricoid area. 


ferret animal model of brush intubation injury as 
described by Woods et al.? Ferrets were selected 
because their larynges closely approximate the size 
of the pediatric larynx and they are reliable animals 
for laboratory study. The specific aims of the study 
were to l) assess possible effects of aerosolized 
steroid on subglottic airway size following acute 
subglottic injury and 2) confirm the ferret animal 
model as a reliable model for acute subglottic in- 
jury. The investigation was conducted in two phases 
and the results of both phases are reported. 


MATERIALS AND METHODS 


Phase 1. Ten 10-week-old ferrets were given 
ketamine hydrochloride anesthesia. Subglottic in- 
juries were made by inserting a 9-mm nylon test 
tube brush in the subglottic space and rotating the 
brush 360° in a clockwise direction, then 360° in a 
counterclockwise direction. Following the injury, 
six animals were randomly placed into a treatment 
group and four animals were placed in a nontreat- 
ment (control) group. The treatment group received 
8 mg/kg of dexamethasone aerosolized in an inhala- 
tion chamber at 2, 4, and 6 hours postinjury. Con- 
trol animals spent an equal amount of time in a 
high-humidity chamber. Both groups were main- 
tained in a high-humidity environment throughout 
the entire study. All animals were examined and the 
presence or absence of stridor and retractions was 
noted at 2, 4, 6, and 24 hours after the injury. Dur- 
ing each examination the airway of each animal 
was measured by recording the largest endotracheal 
tube (ie, 2.5, 3.0, or 3.5 mm outside diameter) that 
could be placed in the airway and still yield an air 
leak of less than 35 cm H20. The animals were 
painlessly killed at 24 hours and the larynges were 
harvested. 


The larynges were fixed in 10% formalin and later 





frozen in methylcellulose with hexane and dry ice. 
The blocks containing the frozen larynges were then 


amined by using a calibrated computer-linked digi- 
tizer pad. The digitizer pad was used to measure the 
1) minimum subglottic airway and 2) the intracri- 
coid transverse dimension. All measurements were 
made at the narrowest portion of the subglottic air- 
way for each animal. The transverse dimension be- 
tween the cricoid laminae (intracricoid distance) 
was used in order to assess any inherent size differ- 
ences in the subglottic airways of the animals. The 
minimum subglottic area was used to express the 
smallest subglottic airway, in square millimeters. 
for each animal. 


Phase 2. Subglottic injuries were produced in a 
manner identical to that of phase 1 in an additional 
20 animals. They were then randomized into treat- 
ment and nontreatment (control) groups. The treat- 
ment and nontreatment groups received the same 
treatment as in phase 1 of the study. The larynges 
were photographed preinjury and postinjury with a 
Storz-Hopkins 2715 0° quartz rod telescope and an 
Olympus OM-2 35-mm SLR camera. After the in- 
juries had been produced the animals were photo- 
graphed at 2, 4, 6, and 24 hours (Fig 1). At 24 hours 
the animals were painlessly killed and the larynges 
were harvested, fixed in formalin, cut in 5-nm sec- 
tions, and processed for hematoxylin and eosin 
staining. The subglottic region was identified in 
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AIRWAY DATA (PHASE 2) 
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Treated Untreated Standard 


Mean Mean Error 
(mm?) (mm?) of Mean p 
Subglottic 
airway 10.1 7.6 0.78 032 
Intracricoid 
area 22.3 19.8 1.39 > 2! 
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from each animal. Each histologic section of the 
subglottis was measured for 1) subglottic airway 
area and 2) the total area bounded by the cricoid 


scribed by J. O. Hollinger and J. P. Schmitz (un- 


software developed by Cambridge Instruments. 


Statistical analysis using standard deviation, 
standard error of the mean, and Student's t test was 
performed. 

RESULTS 

All animals survived both phases of the study. 
Specimens from two animals in the treatment group 
of phase 1 and one in each group (treated and un- 
treated) in phase 2 were damaged during process- 
ing. This left four animals in each group in the 
phase 1 study and nine animals in each group in the 
phase 2 study. Because two different measurement 
techniques were used in phases l and 2, a composite 
analysis was not performed. 


Clinical observation showed that one of six 
treated animals in the phase 1 study developed stri- 
dor or retractions whereas all of the untreated ani- 
mals developed stridor and retractions by the end of 
the study. Airway measurements of the larynges 
studied in the phase 1 study consisted of 1) mini- 
mum subglottic airway area in square millimeters 
and 2) the intracricoid transverse dimension. The 
mean intracricoid transverse dimension was 5.29 
mm for the treated group and 5.40 mm for the un- 
treated group. The ¢ statistic vields a p value of .384 
indicating no statistical pretreatment difference be- 
tween the two groups. Measurements on the mini- 
mum subglottic airway gave a mean for the treated 
group of 9.04 mm? and for the untreated group of 
5.93 mm? (p= .20). 


In the phase 2 study 4 of 10 treated animals had 
stridor, while 9 of 10 of the untreated animals had 
stridor at the end of the study. Although preinjury 


between the treated and untreated groups (Fig 1). 
Measurements on the larynges in phase 2 were 1) di- 
rect measurements of the subglottic airway from 
histologic sections and 2) the total subglottic area 


Subglottic Airway (sq. mm) 
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Fig 3. Minimum subglottic airway area in square milli- 
meters. Error bars — +2 SD. 


bounded by the cricoid cartilage (see Table and Fig 
3). The mean subglottic airway area of the treated 
group was 10.1 mm?, compared to the untreated 
group mean of 7.6 mm’, giving a p value of .032. 
When the total intracricoid intercartilaginous space 
was measured, the p value was greater than .22, in- 
dicating no evidence of pretreatment bias between 
the groups. 


DISCUSSION 


Many methods for the treatment and prevention 
of subglottic edema following intubation have been 
described. This diversity of treatment methods indi- 
cates that no single treatment is clearly superior. 
Parenteral steroids, intralesional steroids, parenteral 
antibiotics, and topical antibiotics have all been 
used with some degree of success.” 5 Edema of the 
submucosa in response to injury may lead to muco- 
sal i.chemia, ulceration, sloughing of mucosa, sec- 
ondary infection, and chondritis. Eventual subepi- 
thelial fibrosis with granulation tissue leading to 
mature scar formation may progress to chronic sub- 
glottic stenosis.° Steroids are known to cause a de- 
crease in the acute inflammatory phase of injury as 
well as in later fibroblastic proliferation in healing 
wounds.’ 


Previous clinical reports'** have indicated that 
the maximal edema from intubation occurs at ] to 2 
hours. Ferret models show maximal edema within 
94 hours.? Animal studies have shown that steroid 
therapy needs to be instituted early in the course of 
the inflammatory process to be beneficial.** Steroids 
inhibit the influx of inflammatory cells and limit 
capillary endothelial permeability. Steroid therapy 
therefore attempts to decrease or prevent submuco- 
sal fibrosis by reducing the inflammatory response 
in tissue injury.°”? These properties of steroids have 
led to their use in cases of larvngeal mucosal injury. 


Our ferret model shows a statistically significant 
difference in the size of the subglottic airway be- 
tween the treated and untreated groups with the 
use of aerosolized dexamethasone after subglottic 
injury. The untreated group showed clinical signs of 


< 
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more severe subglottic compromise, the develop- 
ment of stridor, and retractions in nearly all ani- 
mals (4 of 4 in phase 1 and 9 of 10 in phase 2). 


Airway measurements revealed a mean subglottic 
airway area 25% smaller in the untreated group, 
which corresponds to a radius difference of about 
15%. By using Poiseuille’s equation for the resistance 
to flow of a gas, R=8 nl/ar*, when comparing the 
two groups, the untreated animals are predicted to 
have a resistance to airflow about 170% greater 
than the treated group secondary to the change in 
radius. The predicted increase in the resistance is a 
consequence of the radius-cubed factor in the de- 
nominator of the equation. This increased resistance 
to airflow is most likely responsible for the more se- 
vere clinical symptoms noted in the untreated ani- 
mals. It is noteworthy that the airway measure- 
ments were made 18 hours after the treated group 
had received their last dose of steroid. The airway 


size differences might have been greater if the 
treated group had received additional steroid ther- 
apy beyond 6 hours after the injury. 


CONCLUSION 


The effects of aerosolized dexamethasone on the 
edema of acute laryngeal injury in the ferret model 
was studied in two phases. This study shows that 
aerosolized dexamethasone preserves the subglottic 
airway area and decreases the clinical severity of 
airway obstruction in the acutely injured ferret 
larynx. The observed differences between the air- 
ways of the two groups are associated with an in- 
crease of the predicted airway resistance of about 
170% in the untreated animals. These results may 
have clinical implications in the treatment of sub- 
glottic injury in children by reducing the acute phase 
edema and thus preventing the need for prolonged 
intubation or tracheotomy. 


REFERENCES 


1. Deming MV, Oech SR. Steroid and antihistamine therapy 
for post intubation subglottic edema in infants and children. An- 
esthesiology 1961;22:933-6. 


2. Woods CI III, Postma DS, Prazma J, Sidman J. Effects of 
dexamethasone and oxymetazoline on “postintubation croup”: a 
ferret model. Otolaryngol Head Neck Surg 1987;96:554-8. 


3. Cobb WB, Sudderth JF. Intralesional steroids in laryngeal 
stenosis. A preliminary report. Arch Otolaryngol 1972;96:52-6. 


4. Croft CB, Zub K, Borowiecki B. Therapy of iatrogenic sub- 
glottic stenosis: a steroid/antibiotic regimen. Laryngoscope 1979; 
89:482-9. 


5. Biller HF, Bone RC, Harvey JE, Ogura JH. Laryngeal 


edema. An experimental study. Ann Otol Rhinol Laryngol 1970; 
79:1084-7. 


6. Goldberg M, Pearson FG. Pathogenesis of tracheal stenosis 
following tracheostomy with a cuffed tube. Thorax 1972;27: 
678-91. 


7. Salmela K, Lautenschlager PJ, Ahonen J. The effect of lo- 
cal methylprednisolone on granulation tissue formation. I. Effect 
on the various granulation tissue components. Acta Chir Scand 
1980; 146:535-9. 


8. Salmela K, Lautenschlager PJ, Ahonen J. The effect of lo- 
cal methylprednisolone on granulation tissue formation. II. Mech- 
anisms of action. Acta Chir Scand 1980;146:541-4. 


Ann Otol Rhinol Laryngol 101:1992 


IMAGING CASE STUDY OF THE MONTH 
FIBROUS DYSPLASIA OF THE SPHENOID SINUS 
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WILLIAM T. C. YUH, MD 


Iowa City, Iowa 


CASE REPORT 


A 31-year-old man with a history of recent onset 
of seizures, controlled by Tegretol, was evaluated 
by cerebral magnetic resonance imaging (MRI). Ax- 
ial images were obtained. The dominant finding 
was in the left sphenoid sinus and greater wing. 
Proton density (TR 2,400/TE 20) images demon- 
strated low signal in the left sphenoid sinus with ex- 
tension into the adjacent left middle cranial fossa. 
Some inhomogeneity was seen. The dominant pat- 
tern was decreased signal compared to that of bone 
marrow. With increased T2 weighting (TR 2,400/ 
TE 70) the signal remained low compared to that of 
adjacent brain. No meningeal enhancement was 
identified following gadolinium administration (Fig 
1). 


Enhanced computed tomography was then per- 
formed. Predominately sclerotic change with thick- 
ening of bone in the left sphenoid sinus and adja- 
cent proximal pterygoid and greater sphenoid wing 
was seen. This corresponded to the MRI signal ab- 
normality (Fig 2). 





Fig 1. Magnetic resonance images of skull base. A) Axial 
T2-weighted, showing signal loss and expansion of left 
sphenoid greater wing. B) Coronal, contrast-enhanced T1- 
weighted, showing abnormal signal in left sphenoid sinus. 





Radiographically the pattern was consistent with 
fibrous dysplasia. Neurologic and neurosurgical con- 
sultations were obtained. The consensus was that 
the patient was asymptomatic with respect to the 
osseous change. No further therapy or diagnostic 
procedure was deemed warranted. 


DISCUSSION 


Magnetic resonance imaging is based on hydro- 
gen atom resonance. The primary source of signal is 
fat or water. Both the quantity of atoms and their 
local environment affect the signal. In general, in- 
flammatory sinus lesions demonstrate increased sig- 
nal on T2-weighted images. A low T2 signal indi- 
cates decreased water content. Within the sinuses, a 
loss of T2 signal indicates either an aggressive lesion 
such as a neoplasm or dried secretions. ! 


Fibrous dysplasia is a disorder of unknown origin 
in which normal bone is replaced by fibrous tissue 


EA 


Fig 2. Computed tomograms of skull base. A) Axial, show- 
ing sclerosis and expansion of left sphenoid greater wing. 
B) Coronal, showing sclerosis of left sphenoid sinus and 
sclerosis and expansion of proximal pterygoid and greater 
wing. 


From the Department of Radiology, The University of Iowa College of Medicine, Iowa City, Iowa. 
REPRINTS — Donald P. Mueller, MD, Dept of Radiology, The University of Iowa Hospitals and Clinics, Iowa City, IA 52242. 
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and poorly formed woven bone.” Leeds and Sea- 
man? identified the frontal and sphenoid bones as 
the most common sites of calvaria involvement. 
Symptoms relate to bony overgrowth. Proptosis, 
foraminal compression, and deafness all may oc- 
cur. 


Three plain film radiographic patterns have been 
described. Homogeneous density is seen in the scle- 
rotic pattern. Relative lucency that frequently has 
dense margins is identified in the cystlike pattern. 
The pagetoid form is a mixed lesion with alternate 
areas of relative density and lucency. Varying pro- 
portions of radiolucent fibrous tissue and radio- 
dense bone account for the spectrum of plain film 
patterns.* 


A spectrum of MRI signal characteristics has also 


been reported. The signal on T1l-weighted images is 
consistently decreased, with an intensity similar to 
that of skeletal muscle. The T2 signal, however, is 
variable. The signal may be brighter than, similar 
to, or less than that of subcutaneous fat.5 It is as- 
sumed that the signal changes relate to the varying 
histology of the lesion. 


In summary, our case demonstrated T2 signal loss 
within the sphenoid sinus with extension into the 
adjacent middle cranial fossa. Computed tomog- 
raphy confirmed that predominately sclerotic bony 
thickening was the source of the decreased signal. 
Enhanced MRI failed to demonstrate an adjacent 
meningioma as a source for hyperostosis. The lesion 
was therefore considered to be radiographically 
characteristic of fibrous dysplasia. 
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PATHOLOGY CONSULTATION 


“ADENOCARCINOMA, NOT OTHERWISE SPECIFIED": 
A DIMINISHING GROUP OF SALIVARY CARCINOMAS 


JOHN G. BATSAKIS, MD 


ADEL K. EL-NAGGAR, MD, PHD 


MARIO A. LUNA, MD 


Houston, TEXAS 


As refinements in classification with clinicopathologic correlations proceed, the “adenocarcinomas, not otherwise specified” (NOS) of 
salivary tissue are reduced in number. Clinicopathologic entities such as salivary duct carcinoma, terminal duct carcinoma, and epimyo- 
apithelial carcinoma, formerly in the NOS category, are examples of this process. There remain, however, adenocarcinomas of salivary tis- 
sues that cannot be accommodated in conventional classifications. They are the least common of salivary carcinomas and manifest a cyto- 
architecture ranging from a well-differentiated, low-grade appearance to high-grade, invasive lesions. This report addresses this group of 


carcinomas for which the NOS designation is still applicable. 


Since carcinomas of salivary tissues take origin 
from the salivary duct unit, they are all generically 
“adenocarcinomas.” The requirements of modern 
practice, however, dictate that clinicopathologic 
entities be recognized and classified; adenoid cystic, 
acinic cell, and mucoepidermoid carcinomas are 
just three examples of this recognition/classification 
process. There remains a heterogeneous group of 
gland-forming carcinomas of salivary origin that 
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Fig 1. Salivary duct unit, generative unit for all salivary 
gland neoplasms, with its subdivisions and their types of 
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have been collectively embraced by the term “ade- 
nocarcinoma, not otherwise specified” (NOS). 


Over the past decade and a half, following an ap- 


In general, the biologic aggressiveness of these car- 
cinomas follows their segregation according to the 
place of origin along the salivary duct unit (Fig 1).° 
Thus, terminal duct adenocarcinomas are charac- 
teristically low grade, salivary duct carcinomas are 
high grade, and epimyoepithelial carcinomas are 
intermediate in their clinical course. 


Residual within the adenocarcinoma NOS group 
after removal of the aforestated carcinomas are ade- 
nocarcinomas for which the literature is either scant 
or unclear because it includes too diverse a collec- 
tion of carcinomas in its assessments." The mucus- 
producing adenopapillary (nonepidermoid) carci- 
noma described by Blanck et al? is a case in point. It 
is defined by the authors as a collective term for a 
type of adenocarcinoma characterized by two main 
histologic features — mucous and papillary struc- 
tures — and Blanck et al’ required only one of the 
features to be included in their series. In the event, 
as judged by the photomicrographs accompanying 
the text of their report, acinic cell carcinomas, mu- 
coepidermoid carcinomas, epimyoepithelial carci- 
nomas, and ductal carcinomas were included under 
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No. of cases 58 
Male to female ratio 5:1 
Local recurrence or persistence (% } 39 
Metastases to lymph nodes { % ) 60 
Distant metastases (% } 57 
Mortality by 29 mo (%) 55 


Data from Brandwein et al.‘ 
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Fig 2. “Adenocarcinomas, not otherwise specified.” A) Papillocystic adenocarcinoma of parotid gland (H & E, original x60). B) An- 
other papillocystic adenocarcinoma of parotid gland (H & E, original x60). This variant has thick stromal papillae in contrast to 
one in A. C) Papillary adenocarcinoma of parotid gland (H & E, original x140). Major duct origin is evident in this well-differenti- 
ated carcinoma. D) Mucinous papillary carcinoma of buccal minor salivary gland (H & E, original x140), This adenocarcinoma is 
histologically low grade and was not infiltrative. E) Adenocarcinoma of sublingual gland (H & E, original x60). Although moder- 
ately differentiated, carcinoma has invaded lymphatic spaces. F) High-grade and invasive adenocarcinoma of parotid gland with 
histologic resemblance to gastrointestinal carcinoma (H & E, original x180). 


the rubric of mucus-producing adenopapillary Given the degree of uncertainty and ambiguity of 


P, 


(nonepidermoid) carcinoma. authors’ classifications, it is not possible to give an 
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incidence or site predilection for what remains of 
the adenocarcinoma NOS group of salivary carcino- 
mas. In some reports, the statistical data are further 
distorted by including adenocarcinomas of mucosal 
surface origin, eg, many of the adenocarcinomas of 
the sinonasal tract.'!° Adenocarcinomas, not further 
defined, constituted 9% of all salivary neoplasms 
reported by Spiro et al.” Seifert and Schulz’ record 
an incidence of 1.2% . The lesser number is closer to 
the truth. 


As we have implied, the defining and extracting 
of clinicopathologic entities from the adenocarcino- 
ma NOS classification is not just an academic exer- 
cise. The Table* on salivary duct (cribriform sali- 
vary carcinoma of excretory ducts) carcinoma em- 
phasizes this in its relating the very poor prognosis 
associated with the carcinoma, an outlook that can- 
not be transferred to all adenocarcinomas. 


What are some of the unifying features of the res- 
idue of the adenocarcinomas NOS? They are the 
least common of the generic adenocarcinomas and 


are preponderantly neoplasms of the major salivary 
arise from the excretory or intermediate (noninter- 
calated) parts of the salivary duct unit. Most mani- 
fest a histopathologic appearance that would be 
designated adenocarcinoma at any anatomic site, 
and they may resemble adenocarcinomas of the 
lungs, breast, or gastrointestinal tract. The neo- 
plasms may be solid or cystic, may be circumscribed/ 
encapsulated or infiltrative, may be papillary or 
nonpapillary, and may produce mucin or be devoid 
of this secretory product (Fig 2). Patient age at di- 
agnosis can cover the entire life span, but the neo- 
plasm’s highest frequency is in the sixth and seventh 
decades.®* There appears to be a modest predilection 
for females. A high histopathologic grade, an ab- 
normal nuclear DNA content, an infiltrative growth 
pattern, and large size adversely affect outcome." 
Perhaps because these features are less often seen in 


the oral adenocarcinomas, such neoplasms have a 


better outlook than the major salivary gland adeno- 
carcinomas. 
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EADING THE WAY 
IN FES 


We we proud to introduce a new gen- 

eration of Functional Endoscopic Sinus 
Surgery (FES) instrumentation for pediatric 
sinus surgery, and additional new instru- 
ments for adult sinus surgery. 

By working closely with leading 
surgeons in the field, Karl Storz is able to 
anticipate and meet the needs of FES surgeons 
with the finest endoscopic equipment available in 
the world. Karl Storz has 


m played a major role in the 
mi a rapidly growing field of 
Actual Size FES. From the beginning, 
| we facilitated diagnosis and 


procedures in the narrow 
passages of the sinuses with 
specially designed endoscopic 
ee instrumentation manufac- 
oem’ tured and modified for the 
Messerklinger technique. 

With the expanding possibilities of FES surgery, 
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we too have expanded our product line. We 
offer a wide variety of endoscopes, forceps, 
curettes, and suction tubes to meet all of your 
endoscopic needs. 

FES surgeons at all levels of experience 
will find the extensive educational resources 
of Karl Storz to be of tremendous benefit. Take 
advantage of numerous reprints, videotapes, 
books, and sponsored courses. And our pro- 
fessional representatives are a resource 
unmatched by any other company in this area. 

No other company offers you the diag- 
nostic, documentation, and operative options 
of Karl Storz. 
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THE TRANSMISSION PROPERTIES OF THE MIDDLE EAR = 


ERNEST GLEN WEvVER, PH.D. 
AND 


MERLE LAWRENCE, PH.D. 


PRINCETON, N. J. 


The basic function of the middle ear mechanism is well known: 
it serves as a mechanical transformer, providing for the ready trans- 
fer of acoustic energy from the outside air to the fluid of the cochlea. 
Without such transformer action the vibratory motions of the air 
particles would not easily be communicated to the heavier particles 
of the cochlear fluid, but to a large extent would be reflected back 
from the boundary. When given the proper mechanical advantage, 
which produces an increase in the pressure, the transfer of energy 
is made without loss. - 3 


We have studied this action of the middle ear in experimental 
animals in which exact measurements of the ear’s operation may be 
made in terms of the cochlear potentials. Most of the work has 
been carried out in the cat, a particularly favorable animal for this 


From the Princeton Psychological Laboratory. This research was supported 
in part by the Office of Naval Research, under Contract N6-onr 270, T. O. 3, 
Project NR 145-322. Permission is granted for reproduction, translacion: pub- 
lication; use and disposal in whole or in part by or for the United States Gov- 
ernment. 
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investigation. We have found that a complete removal of the 
middle ear, except for the footplate of the stapes, results in a serious 
loss of sensitivity for all tones. The loss is greatest for the middle 
frequencies, for which it is about 33 db, and somewhat less for the 
low and high frequencies, for which it is about 25 db; the over-all 
average of the loss is 28 db. When we calculate the contribution 
to the sensitivity that an ideal transformer action should give we 
obtain a value of 30 db. The observed average of 28 db thus signi- 
fies that the middle ear mechanism is remarkably well adapted to 
its purpose. 


In our consideration of this problem we have paid attention to 
the principle upon which the transformer action is based. From the 
evidence now at hand there seems little doubt that the mechanical 
advantage is secured mainly, and perhaps solely, through the differ- 
ence in areas of tympanic membrane and stapes footplate. The 
pressure of the transmitted waves is enhanced in proportion to the 
areal ratio of these surfaces. 


What has just been said refers to the principle of the trans- 
former action, yet we are still far from an understanding of the 
epecific manner in which this action is achieved. We need to know 
more about the acoustical properties of the middle ear. 


A mechanical transformer, though simple enough in concep- 
tion, is a particularly difficult mechanism to construct. Such a 
transformer ought merely to provide a means for one medium to act 
upon another, without interposing properties of its own upon the 
action pattern. No real transformer fills this requirement perfectly; 
every mechanism has peculiar response characteristics that disturb 
the action. The difficulties with such a mechanism grow increasingly 
serious when it is required to operate over a wide frequency range. 


No man-made mechanical transformer with which we are 
acquainted even approximates the quality of the middle ear. A com- 
parable instrument is the early type of phonographic recorder, in 
which the motions of a diaphragm are communicated to a stylus that 
inscribes a wave on a wax surface. The poor performance of this 
instrument is well known. It has become obsolete for this reason, 
having given way to much more elaborate arrangements of electro- 
mechanical devices that permit the inclusion of electronic circuits 
for increasing the sensitivity and correcting for the bad frequency 
characteristics. Even these modern arrangements do not often have 
any outstanding qualities of range and fidelity. 


As we perceive these engineering difficulties we gain an added 
appreciation of the instrument that Nature has developed, and of its 
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fabrication out of such seemingly crude materials as fiber and bone. 
Our task is to examine further the properties of this instrument. 


One of the ways in which the acoustical properties of a system 
are revealed is through the changes of phase that the system intro- 
duces into the vibratory motions that it transmits, The present study 


a T 


EXPERIMENTAL PROCEDURES 


These experiments, like the others already referred to, were per- 
formed on the cat, and by using the electrical potentials of the coch- 
lea. The animals were deeply anesthetized with a solution of diallyl- 
barbituric acid injected intraperitoneally, and in nearly all instances 
they were further immobilized with curare. The curare was in- 
jected into the femoral vein in an amount sufficient to suppress all 
reflex activity, and the animal then was maintained for the duration 
of the experiment by artificial respiration. The observations were 
made on 20 ears, 


The auditory bulla was approached by the mediolateral route 
and opened sufficiently to give access to the round window. A plat- 
inum foil electrode was placed in contact with the round window 
membrane and an indifferent electrode was inserted in muscle tissue 
near by. 


The further operative procedures were carried out in two stages. 
In the first stage the pinna and the membranous part of the external 
auditory meatus were removed, thereby exposing the drum mem- 
brane to clear view. An acoustic probe was inserted into the re- 
maining meatal cavity as near to the drum membrane as was con- 
sidered safe—-within about 2 mm. A sound tube leading from a 
loudspeaker was placed near the meatal orifice and then this region 
was sealed over with wax. The sound tube and probe tube thus 
were enclosed in a small cavity whose inner boundary was the drum 
membrane. 


The acoustic probe consisted of a narrow tube, 1.6 mm in out- 
side diameter, 0.88 mm in inside diameter, and 63.5 mm long. It 
led to a cap fitted close to the diaphragm of a condenser microphone 
(Western Electric miniature microphone Type 640-AA). This probe- 
microphone combination permits the recording of sounds in narrow 
places, places impossible of access with the microphone itself. The 
combination, with its associated amplifier, is calibrated to show the 
sound pressures present at the probe tip. 


193 


WEVER-LAWRENCE 








Amolifrer 


Microphone 


Pr abe 










or 


Electrodes 


1 Arnpiitier 


i 

i 

} 

sent i 

i 

i 

ie 

j 

f 

i 

EF ł 

i 

Í 

i i 

ł 

en i 
$ } 


Tete nt kk: aup ae Vm me men. cpm th lp fh ay UL yn. AR Yor NR Me”: ee AE NRE arm, Mim es 


Amplifier 


Fig. 1.—Apparatus arrangement for phase measurements. 


The acoustic probe and microphone were used also to indicate 
phase relations. The arrangement for this purpose is shown in Fig. 1. 
The currents from the microphone amplifier were run through a phase 


shifter to one side of a dual cathode-ray oscillograph. At the same 
time, the cochlear potentials picked up from the round window mem- 


brane were run through an amplifier to the other side of the dual 
oscillograph. This oscillograph employs a dual-beam tube: two sepa- 
rate electron streams impinge upon the same tube face and give sep- 
arate waves that may be placed side by side for comparison. 


The microphone and cochlear potential signals were connected 
to the oscillograph so as to give vertical deflections on its tube face, 


while the sweep circuit of the instrument gave synchronized horizontal 


deflections. The same sweep was used for both beams, so that when 
the two signals were in phase the resulting waves could be made to 
coincide if suitably adjusted in amplitude and in vertical position on 
the tube face. When the signals were out of phase the waves were dis- 
placed in the lateral dimension with respect to one another. They 
could be brought into coincidence then only by manipulating the 
phase shifter in the microphone circuit. 


Our procedure at this stage consisted of presenting a tone to the 
animal’s ear and adjusting the phase shifter for coincidence of the stim- 
ulating and response waves. The reading of the phase shifter was then 
recorded. This reading includes the phase characteristics of all the 
apparatus- and of the ear; it has no absolute significance. Such read- 
ings were obtained for numerous tones—often as many as 60 to 70— 
over the range from 100 to 10,000 cycles. 


Then the second stage of the operation was carried out. The 
drum membrane was removed and the incudostapedial joint was 
broken, after which the malleus and incus were removed. The stapes 
was left in position in the oval window, with its tendon still attached. 
Special care was taken to avoid injury to the oval window. 
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The probe tube was inserted deep in the middle ear cavity, close 
to the stapes. The sound tube remained in its former position at the 
meatal orifice, and again the region was sealed over with wax. 


Now, with the same tones as used before, the phase shifter again 
was adjusted for coincidence of the waves representing the sound stim- 
ulus and the cochlear response, and its readings noted. A comparison 
of this series of readings with the series taken earlier reveals the effect 
of the removal of the middle ear structures upon the phase of the 
transmitted sound. 


Along with these observations of Sie we carried“ out measure- 
ments of sensitivity in the usual manner. Using the same tones, both 
before and after the middle ear operation, we ascertained the sound 
pressure necessary to produce a standard amount of cochlear response. 
The differences between these sets of measurements represent the 
middle ear’s contributions to sensitivity. 


= The observations of phase incur certain technical difficulties. 
To obtain the necessary stability of the measuring apparatus it is 
necessary to give special attention to its design and adjustment and 
to make frequent checks of calibration. Particular difficulties were — 
experienced at 100 cycles. At this frequency our loudspeaker gave 
only a small output before it suffered overloading as shown by non- 
linearity and distortion of wave form. Unfortunately, also the sensi- 
tivity of the cat’s ear at this frequency is rather poor. Consequently 
the signals obtained were small and background noise was disturb- 
ing, so that the measurements are not very reliable. At higher fre- 
quencies, however, it usually was possible to repeat the measure- 
ments within 5.° This remained true after ordinary readjustments 
of the stimulating arrangement: the wax seal could be removed, the 
probe tube shifted to a new position, and the seal restored, without 
altering the readings. 





RESULTS 


Figure 2 shows the phase observations on 4 ears. Each curve 
represents for a given ear the changes of phase undergone by the 
transmitted wave due to the presence of the middle ear apparatus. 
The changes are shown on the ordinate as positive (signifying a 
retardation of phase) or as negative (signifying an advancement of 
phase) for various frequencies as given along the abscissa. 


The pattern of phase changes is remarkably similar for the dif- 
ferent ears, though there are variations of detail. The similarity is 
especially striking over the lower half of the frequency range, from 
150 cycles up to 2000 cycles. Over most of this range, up to 1000 
cycles, the middle ear produces a small and fairly uniform advance- 
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Fig, 2.—Phase changes introduced by the middle ear into the sounds 
that it transmits. Positive degrees represent phase retardation; negative 
degrees represent phase advancement. 
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Fig. 3.—Phase changes in the middle ear in relation to its contribu- 


-= tions..to sensitivity. For the upper curve use the left-hand ordinate scale, 
and for the lower curve use the right-hand ordinate scale. 
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ment of phase, never exceeding 40.° Just above 1000 cycles the 
curves cross the zero line, and here the transmission occurs without 
phase change. For higher tones the phase change is contrary in 
direction: the conducted wave lags in phase behind the entering 
wave. The lag grows in amount to a maximum whose frequency 
location varies in the different ears from 2000 to 3000 cycles, where- 
upon the curves fall sharply and cross the zero line again. The 
points of these crossings vary from 2600 to 3750 cycles. The curves 
attain a rather sharp minimum, representing the utmost of advanc- 
ing phase in this region, and then once more rise and cross the zero 
line. They make this crossing in the region from 3800 to 5000 
cycles. In the remaining high-frequency region are the largest vari- 
ations. Two of the curves remain above the zero line, representing 
phase lag, and undergo a few undulations there. The other two, 
likewise undergoing rapid changes, end below the zero line. 


These phase changes that the middle ear introduces become 
more meaningful when viewed along with the changes of sensitivity. 
The relations are shown for one ear in Fig. 3. Here the upper curve 
represents phase changes as before and the lower curve represents in 
decibels the gain in sensitivity afforded by the middle ear. 


As we have found earlier, the sensitivity function for the mid- 
dle ear contains two regions of relatively high sensitivity separated 
by a sharp peak of low sensitivity. As represented in Fig. 3, the 
minimum portions of the curves are regions of maximum sensitivity. 
The first of these regions is very broad; the curve declines slowly 
with frequency to the region of 1000 cycles and then rises a little 
more rapidly. Note that this minimum corresponds approximately 
with the frequency where the phase curve changes from negative to 
positive. The sharp peak in the sensitivity curve has its maximum 
(point of poorest sensitivity) near 3000 cycles. This is the fre- 
quency where the phase makes a change in the contrary direction, 
from positive to negative. The second minimum of the curve (max- 
imum of sensitivity) lies between 4000 and 5000 cycles. In this 
region the curve of phase change again crosses from negative to 
positive. For still higher frequencies both the sensitivity and phase 
functions show further variations, but in general the sensitivity is 
falling while the phase is growing more and more retarded. 


DISCUSSION 


On the basis of the results before us we now proceed in our 
effort to ascertain the mechanical properties of the middle ear. A 
mechanical system that only transmits vibrations and does not itself 
produce them consists of just three types of elements: masses, com- 
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pliances, and mechanical resistances. The mass of a body represents 
(among other things) its ability to store energy on being set in 
motion. Compliance is a property that characterizes a spring: a 
spring gives way to an applied force, and at the same time exerts a 
force in opposition. Thus a spring also is able to store energy. 
Alternatively we speak of a spring as having stiffness, which is the 
inverse of the compliance. Mechanical resistance is the friction 
produced by the motion of a body as its parts slide on one another 
or on fixed structures near by and in so doing use up a part of the 
applied energy by converting it into heat. 


Any analysis of the conductive properties of the middle ear 
must ultimately be made in the terms just given, but such an analysis 
is difficult to carry out directly. Rather, we resort to a method of 
analogies, as is common practice in dealing with complex vibratory 
systems. In this method we first consider the forms of electric cir- 
cuits that possess the same phase and sensitivity characteristics as 
shown by the middle ear, and then by means of analogical relations 
we translate the electrical properties into mechanical ones. This 
procedure has the advantage of an extensive fund of experience with 
electric networks, gained through the work carried out in recent 
years on various forms of communication systems. On the basis of 
this experience our insights are richer and better guided than if we 
dealt with the problems immediately in mechanical terms. 


It is important in this connection to point out that the analogies 
with which we shall deal are not merely connotative, but hold in 
the strictest sense. This is so because the mathematical expressions 
relating the variables in one system are identical in form with those 
in the other system. Hence if we know the form of action for one 
system we can fully predict it for the analogous system. It may be 
added further that our actual data consist of electrical measurements, 
and that to regard them as representing the motions of the air and 
of the ear we have to rely on certain constant electromechanical re- 
lations. In other words, all our acoustic determinations involve 
functional dependencies between electrical and mechanical systems, 
and the analogies are only logical developments of these relation- 
ships. 


Like the mechanical system discussed above, an electrical system 
that is merely transmissive contains only three types of elements. 
They are inductances, capacitances, and electrical resistances. In- 
ductance is the property of a coil of wire; it opposes the passage 
of an electric current both as the current is introduced and as it is 
withdrawn. Temporarily it stores energy in a magnetic field, an 
action analogous to the storage of mechanical energy by a mass. 
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Capacitance is the property of a condenser, which consists of a pair 
of conducting plates separated by an insulator. When an electric 
charge is placed on one of the plates a charge of opposite polarity 
is induced on the other plate and a stress is introduced into the in- 
sulator. The condenser thus stores electrical energy much as a 
spring stores mechanical energy. Electrical resistance is the prop- 
erty of a conductor by virtue of which a passing electric current 
increases the molecular motions of the substance of the conductor, 
so that part of the impressed electrical energy is converted into 
heat. 


The kind of opposition to the flow of alternating current that 
an inductance causes is known as positive reactance; its amount 
increases progressively with the frequency. The kind of opposition 
that a condenser causes is known as negative reactance, and its 
amount varies inversely as the frequency. It is also characteristic 
of an inductance to retard or lag the phase of the alternating cur- 
rent passing through it, whereas a capacitance advances the phase 
of the conducted current. 


In our analogical system, mass corresponds to inductance, com- 
pliance to capacitance, and mechanical resistance to electrical re- 
sistance. 


Now let us regard the results of Fig. 2 and 3 as representing 
the behavior of an electric network, and consider what arrange- 
ment of inductances, capacitances, and resistances would produce 
such effects in response to different vibratory frequencies. To sim- 
plify the problem somewhat at this point we consider the curves 
only over the principal portion of the range, neglecting the variations 
around 100 cycles and above 8000 cycles where experimental con- 
ditions and individual differences present particular difficulties. 


In the low-frequency region, up to about 1000 cycles, the 
function shows a negative phase change. Imposed currents with 
frequencies within this range are advanced in phase. The repre- 
sentative electric network therefore must be one in which capacita- 
tive reactance is predominant within this frequency range. Above 
1000 cycles and nearly to 3000 cycles, however, the phase change 
is positive or lagging, which means that for this range the inductive 
reactance of the network must be predominant. Then above 3000 
cycles, as the phase change again becomes negative, the capacitative 
reactance again is predominant, and, finally, for the upper frequencies 
the phase change is positive and inductive reactance once more is 
predominant. At those frequencies at which the function crosses 
the zero phase line the inductive and capacitative effects are balanced 
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Fig. 4.—Electric networks presented as “models” of the middle ear 
mechanism, Circuit a, on the left, contains only inductances (Li, L2), 
and capacitances (C1, C2), whereas circuit b, on the right, includes resistances 
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Fig. $—-The mechanical counterpart of Fig. 4. With the proper 
conceptual changes this diagram will serve as the analogy for either circuit 
a or circuit b of that figure. M1 and M2 are masses, $1 and Sz are springs, 
a isa link, b and c are bearings. The cross-hatched parts are immobile. 


For one condition, when serving as the analogy of circuit 4a, link a is 
rigidly attached to the central shaft by means of the thumb screw and 
bearing & is frictionless. For the other condition, when serving as the 
analogy of circuit 46, bearing b is assumed to contain friction F1, and the 
thumb screw of link @ has been loosened and friction F2 in this link gov- 
erns the transfer of motion to Se and Ms. Under both conditions, bear- 
ings c are frictionless, and all shafts and link a are massless. 
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and their net reactance is zero. When the crossing is upward, and 
negative reactance gives way to positive reactance, we have a point 
of resonance, and when the crossing is in the contrary direction, and 
positive reactance gives way to negative reactance, we have a point 
of antiresonance. There are two resonance points, one around 1000 
cycles and another varying in location in the different curves be- 
tween 3800 and 5000 cycles, and interposed between them is an 
antiresonance, varying in location from 2600 to 3750 cycles. 


As an approach to the disclosure of a responsive system with 
the properties just described let us first consider a relatively simple 
electric circuit, one containing four circuit elements, two induc- 
tances and two capacitances. There are four ways in which these 
elements may be arranged, and the arrangements are electrically 
equivalent if the elements are given the proper values. One ar- 
rangement is shown in Fig. 4a. It consists of a capacitance C, and 
an inductance L, in series, followed by a capacitance C, and an in- 
ductance L. in parallel. The reactance of this circuit varies with 
the frequency in the following manner. At zero frequency the re- 
actance is negative, and infinitely large. As the frequency rises this 
negative reactance grows less, at first rapidly and then more slowly, 
until it reaches zero at a frequency fı, the first resonance fre- 
quency. Above f, the reactance is positive, and rises precipitously 
to infinity as the frequency approaches f+, an antiresonance fre- 
quency. At f» the function becomes discontinuous, suddenly van- 
ishing at positive infinity and reappearing at negative infinity. 
Above f. the negative reactance progressively grows smaller until it 
is zero at fs, the second resonance frequency. Above f, it is positive, 
and rather gradually approaches positive infinity as the frequency 
becomes infinitely high. 


‘This function has the desired form except for the wide range 
of variations and the discontinuity at the point of antiresonance. 
However, these undesirable features vanish under practical condi- 
tions. In hearing we are not concerned with frequencies near zero 
and. infinity. Also, real circuits always contain resistances along 
with the other elements, and in the presence of resistance there are 
no discontinuities in the function. Instead of jumping from in- 
finitely positive to infinitely negative reactance at the antiresonance 
frequency, the function simply falls more or less rapidly from pos- 
itive to negative through zero. 


The introduction of resistances into the suggested circuit is 
shown in Fig. 46. These resistances have further desirable effects, 
They greatly reduce the amount of the phase change introduced 
into the transmitted signal. At the same time they reduce the mag- 
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nitude of the peaks of response at resonance frequencies and of the 
diminution of response at antiresonance frequencies. From Fig. 2 
and 3 it is evident that a high value of resistance is effective about 
the first resonance point f, and a somewhat smaller value about the 
antiresonance and second resonance points f; and fs. This we infer 
because in the lower frequencies the variations of phase are small and 
the resonance curve is very broad, whereas in the higher frequencies 
the phase variations are larger and the response more rapidly chang- 
ing. The antiresonance, shown best in Fig. 3, is particularly abrupt. 


We are now ready to turn back to the ear and to translate our 
electrical conceptions into the mechanical form. If we consider 
first the analogy to the simpler circuit of Fig. 4a we shall have a 
mechanical system consisting of two masses and two springs (com- 
pliances). The first mass M, is acted upon directly by the applied 
force, and is attached to the spring S, in such a way that when it is 
moved away from its equilibrium position the spring tends to bring 
it back. The second mass M: is not acted upon directly by the force, 
but is attached to the first mass through a spring S,. This mech- 
anism is pictured in Fig. 5, where the black squares are masses, the 
coils are springs, and certain shafts and bearings are provided to link 
the elements together. (In the drawing the springs S, and S, and 
the mass M, have been split into symmetrical halves in order to pre- 
sent an appearance of dynamical balance; this arrangement makes 
no difference otherwise.) At this point we are to suppose that the 
linkage at a is a rigid one, having been made so by means of the 
thumb screw, and the bearings b, c are frictionless. Also, the link 
a and all the shafts are to be considered massless. 


This same diagram will serve to represent the mechanical coun- 
terpart of Fig. 4b, if now we think of bearing b as containing friction 
and the thumb screw of link a as having been loosened so that the 
coupling between central and side shafts depends upon friction. The 
friction F, in bearing b uses up some of the energy communicated to 
the mass M,, and the friction F, in link a uses up some of the energy 
that would otherwise be transferred to S, and Ms. | 


Our final consideration is the possibility of identifying the ele- 
ments Mı, Mo, Si, Sẹ}, Fi, and F» in terms of anatomical structures 
in the ear. We present the following as a reasonable hypothesis. 


The mass M, is the mass of the malleus, incus, and drum mem- 
brane, and other parts that move strictly in phase with them. The 


spring S, is partly in the drum membrane and partly in the suspen- 


sion system of the middle ear. The spring S+ is wholly in the sus- 
pension system: in the attachments afforded by the anterior and 
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lateral ligaments of the malleus and its wing process, the posterior 
ligament of the incus, and the tensor tympani tendon. The mass 
M: is partly in this suspension system and partly in the structures 
to which the suspending elements are moored. These mooring struc- 
tures add to the mass because they are not altogether rigid, but are 
somewhat involved in the motions. The friction F, is the friction 
generated by the movements of mass M,. It includes the sliding of 
fibers of the drum membrane over one another, which occurs espe- 
cially near its outer edge where the central motion grades down to 
zero under the restraint afforded by the tympanic ring. It includes 
also a part of the friction produced in the ligaments and the tensor 
tympani tendon, and especially that produced in their more proximal 
portions. The friction F, is generated in the movements of mass 
Mz, and it arises in the more distal portions of the suspensory ele- 
ments as their fibers move on one another or over fixed structures. 


CONCLUSIONS 


Our observations have been limited to the cat, and necessarily 
our conclusions have direct application only to this species. At the 
same time, however, the possibility is presented to us that other 
ears, including man’s, have made adaptations of function that are 
as serviceable as the ones revealed in this animal. 


We find that the middle ear apparatus—or, rather, that part 
of it peripheral to the stapes—fulfills its duties as a mechanical trans- 
former with only slight disturbances of the response. pattern. It 
presents to the stimulating sounds an impedance that varies remark- 
ably little with frequency. It does this because it is a doubletuned 
and highly damped system. To the single stiffness and single mass 
that would have to be present in order for the structure to act as a 
mechaniczi transformer have been added a further stiffness and mass, 
with the result that we have a system resonant to two separated 
frequencies. At the same time, the action is subjected to consider- 
able frictional damping, so that the resonances are very broad. 


We have so far left out of account the behavior of the system 
at the extreme frequencies, for the reasons given. The results at the 
lowest frequencies suggest that the response continues to be more 
uniform at this end of the scale than we ought to expect from a 
system containing only four reactive elements (two masses and two 
compliances). If further investigation supports this suggestion it 
will be necessary to add one more reactive element to our repre- 
sentative scheme. 


We believe that the variations found at the upper frequencies 
represent inherent instabilities in the mechanism: variations in the 
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tensions of the suspensory structures, and perhaps also in the effec- 
tive mass which they present. Especially must we expect a varia- 
tion in the tension exerted by the tensor tympani tendon, even 
though under our conditions the action of its muscle was largely 
prevented by curarization. 


The part of the middle ear apparatus that has been excluded 
from this discussion, the stapes and its tendon, will be considered 
later by a somewhat different method. It will suffice to say now 
that over the major portion of the auditory range this part has only 
a very slight effect upon the action of the system. That action, as 
we have seen, commands our respect as an achievement in mechan- 
ical engineering and in the service of hearing. 


SUMMARY 


The characteristics of the middle ear apparatus have been in- 
vestigated in terms of the changes of phase and magnitude that this 
apparatus introduces into the sounds that it transmits. The work 
has been carried out on the cat by means of the cochlear potentials. 
The results show that the middle ear in this animal presents remark- 
ably uniform properties to sounds over a wide range of frequencies. 
An analysis based upon electrical and mechanical “models” indicates 
that this uniformity is achieved by the development of two mechan- 
ical resonances separated by about two octaves and by the presence 
of a high degree of frictional damping. In consequence, the middle 
ear is able to carry out its function as a mechanical transformer with 
minimum disturbance of the response pattern. 


We are indebted to the Bell Telephone Laboratories and the Western Elec- 
tric Company for the loan of calibrated microphones used in this research, 
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TREATMENT OF TRACHEAL AND ENDOBRONCHIAL LESIONS 
WITH THE POTASSIUM TITANYL PHOSPHATE LASER 


ROBERT F. WARD, MD 
New York, NEW YORK 


Lower tracheal and endobronchial lesions represent a difficult management problem. While there has been some success in the 
treatment of these lesions with the carbon dioxide laser, the limitations of its delivery system have restricted its use in infants and neonates. 
The potassium titanyl phosphate (KTP) laser, transmitted via a flexible quartz fiber, can be precisely manipulated even through rigid 
pediatric bronchoscopes as small as 3.0 mm. In addition, the Hopkins telescopic lens may be used to improve visualization and control. 
We report our experience using the KTP laser to treat 15 pediatric patients with tracheal and endobronchial lesions. The nature of the 


lesions, the details of the technique, and the results are presented. 


KEY WORDS -— endobronchial lesions, endoscopy, potassium titanyl phosphate laser, tracheal lesions. 


INTRODUCTION 


The management of acquired lesions of the tra- 
cheobronchial complex continues to be a difficult 
clinical problem, especially in the neonatal and pedi- 
atric age groups. Endoscopic methods of correction 
have been developed, including traditional broncho- 
scopic dilation as well as laser excision or ablation. 
The advent of microscopic laryngoscopy, broncho- 
scopic telescopes, and the carbon dioxide (CO2) laser 
has significantly advanced the treatment of these 
challenging problems.'!*+ The microsubglottiscopes 
can be coupled with the operating microscope to 
allow for binocular visualization with magnification. 


Likewise, the CO2 laser bronchoscope has been 
used in the treatment of these lesions by means of a 
ventilating bronchoscope with an attachable endo- 
scopic coupler.6 Recent reports have discussed its 
application in patients as young as 6 months.’ The 
major limitation to this technique, however, is the 
inability to use bronchoscopes smaller than 4.0 mm 
(outside diameter 7.0 mm). Additionally, at this 
small size, visualization is compromised. 


The development of various laser wavelengths that 
can be delivered through flexible fibers has provided 
even newer modalities to treat tracheal and endo- 
bronchial lesions. Laser fibers may be passed through 
telescopic bronchoscopes, both rigid and flexible, to 
reach lower tracheal lesions. Our experience using 
the potassium titanyl phosphate (KTP) laser in the 
treatment of tracheal and endobronchial lesions has 
been promising. The KTP laser belongs to the family 
of solid-state lasers. The yttrium aluminum garnet 
(YAG) crystal with a wavelength of 1,064 nm is 


modified by a crystal of potassium titanyl phosphate 
to produce a 532-nm wavelength. This produces a 
visible green light. 


METHODS AND MATERIALS 


The KTP laser was employed in the treatment of 
tracheal and endobronchial lesions in 18 patients 
between the years 1988 and 1990. Of these, 15 were 
in the pediatric age group, ranging from newborn to 
13 years old. The type of lesion treated, as well as 
patient information, is shown in the Table. A total of 
21 procedures were performed on the 18 patients. 
Excluded were patients with respiratory papillomato- 
sis. 


All procedures were performed in the operating 
room under general anesthesia. Standard laser pre- 
cautions, including cutaneous and ocular protection 
of the patient and ocular protection of the staff, were 
observed. Anesthesia was delivered by way of an 
existing tracheotomy tube, venturi ventilation attach- 
ments to the subglottiscopes for upper tracheal le- 
sions, and most commonly the ventilating port of the 
pediatric bronchoscope. 


The trachea was examined with the appropriate- 
size Storz, Doesel-Huzly pediatric rigid broncho- 
scopes, as small as 3.0 mm (outside diameter 5.0 
mm), with a 0° Hopkins rod magnifying optical 
telescope. The procedures were then performed with 
either the quartz fiber of the KTP/532 laser (Laser- 
scope) or by using the KTP/532 micromanipulator. 
When the quartz fiber is used, the fiber is passed 
down the suction port of the Storz bronchoscope. The 
fiber can be used in a contact or noncontact manner. 


From the Department of Otolaryngology, The New York Hospital~Comell Medical Center, New York, New York. 
Presented at the meeting of the American Broncho-Esophagological Association, Waikoloa, Hawaii, May 5-6, 1991. 
REPRINTS —- Robert F. Ward, MD, Dept of Otolaryngology, The New York Hospital—Cornell Medical Center, 525 E 68th St, New York, NY 10021. 
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SUMMARY OF CASES 


Diagnosis 


Tracheal stenosis and malacia 
Status post tracheal and carinal resection for congenital stenosis 


Tuberculosis granuloma, left bronchus 


Tuberculosis granuloma, right bronchus 


Midtracheal stenosis from intubation injury 
Tracheal stenosis with anteroposterior adhesions 
Suprastomal stenosis; status post near-drowning accident 


Congenital laryngotracheal stenosis 

Status post laryngotracheoplasty at age 3; subglottic granuloma 

Tracheal stenosis from intubation; underwent tracheal resection 

Laryngeal and subglottic stenosis 

Lymphoma with extrinsic tracheal compression; developed tracheal stenosis 


Tracheotomy 
Pt Age Tube 
1 Sy Yes 
2 Neonate No 
3 9 mo No Subglottic cysts 
4 ly No 
5 5y Yes Suprastomal granuloma 
6 9 mo No 
7 18 y Yes Tracheal stenosis 
8 25y No 
9 6y Yes 
10 i5y Yes 
11 ly No Tracheal cysts 
12 4y Yes 
13 13y No 
14 44 y No 
15 13 y No 
16 13 y Yes 
17 3y Yes Subglottic web (lateral) 
18 Ty Yes 


The laser was set to deliver 3 to 5 W of power, with 
an average of 5 W, with either a continuous or pulsed 
function. The system has also been used with a 
flexible bronchoscope by using the suction port for 
fiber placement. 


All patients remained in the hospital overnight 
after their procedures. Patients were given intrave- 
nous Decadron when there was a concern over laryn- 
geal or subglottic edema and when medically safe. 
Postoperative humidification and racemic epineph- 
rine were employed as necessary. 


RESULTS 


In the 15 pediatric patients treated with the KTP 
laser, there were four types of disorders encountered: 
1) granulomas or granulation tissue associated with 
some type of mechanical trauma (eg, endotracheal 
tube or tracheotomy; these included suprastomal 
granulomas), 2) granulomas of tuberculous origin, 
usually causing obstruction of either main bronchus 
and subsequent postobstructive pneumonia, 3) sub- 
glottic and tracheal cysts associated with mucosal 
injury from intubation, and 4) a variety of mature 
tracheal stenoses, including webs, shelflike tracheal 
narrowing, and circumferential cicatricial stenosis. 


The children with granulomas or granulation tissue 
in general showed a better response to treatment, with 
the resolution of their obstruction. Similarly, the 
cystic lesions responded well to this treatment. Cica- 


Status post laryngotracheoplasty; developed subglottic cysts, granulation tissue 


tricial scars did not respond well to laser therapy 
alone, as has been supported in previous reports.?-!9 


There were no serious complications directly re- 
lated to the actual endoscopic laser procedures per- 
formed, One child (patient 2) developed an eschar at 
the level of the carina, where granulation tissue had 
been lasered. He developed respiratory distress on 
postoperative day 1 that required return to the oper- 
ating room for endoscopic removal of the lower 
tracheobronchial debris. This child eventually suc- 
cumbed to progressive cicatricial narrowing of his 
lower trachea and bronchi, approximately 1 year 
after the initial resection of a congenital tracheal 
stenosis with complete cartilaginous rings involving 
the lower trachea and carina. 


Patient 11 developed significant bronchospasm at 
the end of the laser procedure that responded to 
bronchodilators. He was able to be extubated after the 
procedure without further respiratory compromise. 


No postoperative bleeding was encountered dur- 
ing or after any laser procedures. 


DISCUSSION 


Endoscopic management of tracheobronchial le- 
sions, both benign and malignant, has been well 
established over the last decade.?>-!0-!4 The laser has 
become part of the armamentarium to further en- 
hance this modality by allowing “hands-off” surgery 
through the ventilating bronchoscope. It has also 
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provided increased hemostasis and precise control of 
the ablation.!° 


The mainstay of laserendoscopy has been the CO2 
laser for certain pathologic conditions because of its 
greater or more precise cutting properties.!5-16 How- 
ever, the CO2 bronchoscopic delivery system has 
proven to have limited use in the neonate and young 
infant, especially when dealing with lower tracheal or 
endobronchial lesions. The endoscopic coupler can 
only be used with the 4.0-mm (outside diameter 7.0 
mm) or larger bronchoscope. With this size broncho- 
scope, visualization is diminished and there may be 
significant scatter from the helium neon aiming beam, 
making visualization further limited. This limitation 
has been able to be overcome to some measure by 
using the CO2 laser with several types of subglot- 
tiscopes that have allowed access to the lower trachea 
and carina.!!7.18 When the subglottiscope is coupled 
to the operating microscope, greater precision can be 
achieved with the advantages of binocular vision and 
magnification. 


The laser energy of the KTP laser can be transmit- 
ted through a flexible quartz fiber and delivered to 
tissues by both hand-held instruments and micro- 
scope attachments. This allows delivery of the KTP 
fiber of either 0.6 mm or 0.4 mm through the suction 
port of a rigid bronchoscope as small as 3.0 mm. This 
is used with the 0° Hopkins optical telescope, which 
provides excellent illumination and magnification. 
The fiber is directed by rotating the bronchoscope. In 
addition, the fiber can be used with a flexible pediat- 
ric bronchoscope in patients who can accommodate 
a 4.5-mm endotracheal tube. 


Additionally, the fiber can be used in either a 
contact or noncontact manner without interruption of 
lasering. Since the KTP wavelength is 532 nm, there 
is no need for an aiming beam. 


The disadvantages of the KTP laser when used 
through the bronchoscope with the Hopkins tele- 
scope include compromise of visualization by small 
amounts of blood or debris if they come in contact 
with the tip of the telescope. The procedures are also 
carried out with monocular vision, and thus there is 
some loss of the depth of field. 


The KTP laser can be used to vaporize, incise, and 
coagulate and is preferentially absorbed by hemoglo- 
bin.!? In similar situations, the KTP laser will pro- 
duce twice as much tissue necrosis as the CO2 laser, 
yet its extinction is far less than that of the YAG laser. 
The tissue effects of the KTP laser differ from those 
of the CO2 laser, making it more applicable for 
specific lesions, eg, granulation tissue or hemangio- 


mas. It would seem that certain wavelengths will 
eventually be discovered to be more advantageous 
for the treatment of certain lesions. The precise tissue 
effects of the various lasers available at the present 
time will need further verification and identification. 


In our series, the KTP laser has been useful in 
treating various disorders of the trachea and lower 
airway. Because of the greater depth of penetration 
with the KTP laser, we still favor the use of the CO2 
laser for treating laryngeal papillomatosis. In those 
children who have advanced tracheal or tracheobron- 
chial papillomatosis who cannot accommodate the 
smallest bronchoscope that will attach to the endo- 
scopic coupler, we would use the KTP laser. The KTP 
laser has been helpful and relatively safe in treating 
granulomatous and cystic lesions of the trachea and 
tracheal stenosis. 


Certainly, the predictive factors of success or fail- 
ure in the endoscopic management of tracheal stenosis 
described by Simpson et al? and Ossoff et al!® apply 
to the pediatric age group. Circumferential, cicatri- 
cial stenosis greater than 1 cm, collapse of the carti- 
laginous support of the airway, and carinal involve- 
ment make endoscopic laser treatment less favorable. 
While these caveats were initially described with the 
CO2 laser, they appear to hold true for the KTP laser 
as well. In two patients, we have found the KTP laser 
to be a successful adjuvant in the treatment of stenotic 
lesions that improved the airway stenosis to allow for 
an open surgical procedure.}> 


Another alternative for the treatment of lower 
tracheal lesions in small children is diathermy. This 
has recently been reported to be effective for limited 
lesions of the airway, including laryngotracheal granu- 
lation tissue, papillomas, and vascular lesions such as 
small subglottic hemangioma.” The Storz Bugbee 
electrode may be used through a pediatric broncho- 
scope suction port to cauterize the unwanted tissue. 
Although requiring specialized training and safety 
modifications, if available the laser provides dis- 
tinctly greater precision and less injury to the sur- 
rounding tissues. 


CONCLUSION 


The KTP laser with standard pediatric endoscopic 
instrumentation was employed in 15 pediatric pa- 
tients in the treatment of tracheal and endobronchial 
lesions. This delivery system has overcome certain 
limitations experienced with the CO2 laser and offers 
an alternative approach for dealing with a variety of 
airway problems in the pediatric population. In addi- 
tion, the specific tissue effects of the KTP laser may 
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make it more desirable in the treatment of some 
airway lesions. This modality is proposed as an 


adjuvant to the endoscopic treatment of tracheobron- 
chial lesions in the pediatric population. 


REFERENCES 


1. Ossoff RH, Tucker JA, Werkhaven JA. Neonatal and 
pediatric microsubglottiscope set. Ann Otol Rhinol Laryngol 
1991;100:325-6. 


2. Strong MS, Jako GK, Polanyi T, Wallace R. Laser surgery 
in the aerodigestive tract. Am J Surg 1973;126:529-33. 


3. Strong MS, Vaughan CW, PolanyiT, WallaceR. Broncho- 
scopic carbon dioxide laser surgery. Ann Otol Rhinol Laryngol 
1974;83:769-76. 


4. Healy GB, McGill TJ, Simpson GT, Strong MS. The use 
of the carbon dioxide laser in the pediatric airway. J Pediatr Surg 
1979;14:735-40. 


5. Ossoff RH, Duncavage JA, Gluckman JL, et al. Universal 
endoscopic coupler for bronchoscopic CO2 laser surgery: a 
multi-institutional clinical trial. Otolaryngol Head Neck Surg 
1985;93:824-30. 


6. Komisar A, Ruben RJ. Use of the carbon dioxide laser in 
pediatric otolaryngologic disease. NY State J Med 1981;81:1761- 
4, 


7. Garabedian E-N, Denoyelle F, Grimfeld A, LaCombe H. 
Indications of the carbon dioxide laser in tracheobronchial pa- 
thology of the infant and young child: 14 cases. Laryngoscope 
1990;100:1225-8. 

8. Werkhaven J, Maddern BR, Stool SE. Posttracheotomy 
granulation tissue managed by carbon dioxide laser excision. 
Ann Otol Rhinol Laryngol 1989;98:828-30. 

9. Simpson GT, Strong MS, Healy GB, Shapshay SM, 
Vaughan CW. Predictive factors of success or failure in the 


endoscopic management of laryngeal and tracheal stenosis. Ann 
Otol Rhinol Laryngol 1982;91:384-8. 


10. Ossoff RH, Tucker GF Jr, Duncavage JA, Toohill RJ. 
Efficacy of bronchoscopic carbon dioxide laser surgery for 


Q 


benign strictures of the trachea. Laryngoscope 1985;95:1220-3. 


11. Shapshay SM, Davis RK, Vaughan CW, Norton M, Strong 
M, Simpson G. Palliation of airway obstruction from tracheo- 
bronchial malignancy: use of the CO2 laser bronchoscope. Oto- 
laryngol Head Neck Surg 1983;91:615-9. 


12. Gillis TM, Shapshay SM, Vaughan CW, Simpson G, 
Davis RK, Strong MS. Laser bronchoscopic surgery. J Otolaryn- 
gol 1983;12:217-22. 


13. Castro DJ, Saxton RE, Ward PH, et al. Flexible Nd:YAG 
laser palliation of obstructive tracheal metastatic malignancies. 
Laryngoscope 1990;100:1208-14. 


14. Lobe TE. The KTP/532 laser for pediatric endobronchial 
surgery. KTP/532 clinical update. No. 10, April 1988. 


15. Shapshay SM, Beamis JF Jr, Dumon J-F. Total cervical 
tracheal stenosis: treatment by laser, dilation, and stenting. Ann 
Otol Rhinol Laryngol 1989;98:890-5. 


16. Dumon JF, Reboud E, Garbe L, Aucomte F, Meric B. 
Treatment of tracheobronchial lesions by laser photoresection. 
Chest 1982;81:278-84. 


17. Healy GB. Subglottiscope. Trans Am Bronchoesophagol 
Assoc 1987:130. 


18. OssoffRH, Duncavage JA, Dere H. Microsubglottoscopy: 
an expansion of operative microlaryngoscopy. Otolaryngol Head 
Neck Surg 1991;104:842-8. 


19. Fried MP, Mallampati SR, Caminear DS. Comparative 
analysis of the safety of endotracheal tubes with the KTP laser. 
Laryngoscope 1989;99:748-51. 


20. Andrews TM, Myer CM III, Cotton RT. Alternative 
management for laryngeal and tracheobronchial lesions: the 
Bugbee electrode. Otolaryngol Head Neck Surg 1990;103:841. 


SURGERY OF THE AIRWAYS 


Massachusetts General Hospital, Harvard Medical School, will present a postgraduate course on Surgery of the Airways to be held 
July 20-21, 1992, in Boston, Massachusetts. For information and application forms, contact the Thoracic Surgical Unit, Massachusetts 
General Hospital, Boston, MA 02114; telephone (617) 726-2806; fax (617) 726-7667. 


we 


Ann Otol Rhinol Laryngol 101:1992 


CONSERVATIVE MEDICAL MANAGEMENT OF TRAUMATIC 
PHARYNGOESOPHAGEAL PERFORATIONS 


SANFORD R. DOLGIN, MD THOMAS W. WYKOFF, MD 
NARENDRA R. KUMAR, MD ANTHONY J. MANIGLIA, MD 
CLEVELAND, OHIO 


Traditionally, surgical treatment has been the acceptable management for perforation of the pharyngoesophageal tract secondary 
to blunt and penetrating trauma. From July 1983 to June 1990, we managed 10 patients with this type of lesion by a conservative medical 
management approach. Mirror or fiberoptic flexible laryngoscopy was performed in the majority of cases to ascertain the nature of the 
injury. An esophagopram is very helpful to locate and evaluate the extent of the injury. All patients were treated with broad-spectrum 
intravenous antibiotic therapy and no oral feeding. There were no complications or need for surgical treatment in any of the cases. The 
head and neck surgeon, in selected cases, should consider the possibility of using conservative management of pharyngoesophageal 
perforations. This approach has proven in our hands to be relatively safe and cost-effective, resulting in no disability or prolonged 
hospitalization of our patients. This study involves two institutions (two affiliated hospitals of Case Western Reserve University School 
of Medicine) with different surgeons selecting appropriate antibiotic therapy. It is a retrospective review. No controls were made by 
random selection of cases treated surgically. These cases, if not properly managed, may lead to fatal outcomes. 


KEY WORDS — antibiotic therapy, conservative management, pharyngoesophageal perforation. 


INTRODUCTION Signs and symptoms that are indicative of pharyngo- 
The choice of management of pharyngoesopha- | °Sophageal injury aresubcutaneous emphysema, pain, 
geal perforations has been controversial. Tradition- dysphagia, and sepsis.’-’*Inhigher injuries, dysphagia, 
ally, surgical closure hasbeen the preferredapproach Cervical pain, and subcutaneous emphysema occur 
since the late 1940s.!-5 However, in the past 30 years, commonly. Withlower esophageal injuries, retroster- 
there have been numerous series advocating conser- nal and midthoracic pain, abdominal rigidity, and 
vative medical management.'-!2 This approach relies _SPlinting of respiration can occur.!®!? Radiographic 
heavily on early diagnosis and a high index of suspi- (x-ray) studies usually confirm the above f indings 
cion, institution of broad-spectrum intravenous anti- and additionally reveal the presence of pneumomedi- 
biotic therapy, and no oral feedings. The most com- astinum and pneumothorax, and an esophagogram 
mon cause of these injuries is iatrogenic, ie, instru- reveals the location of the injury by leakage of the 
mentation.24.1! Esophagoscopy for diagnostic and contrast medium in the majority of cases." 
therapeutic management has an incidence of perfora- The patient should be followed up closely in a 
tion of 0.1% to 1% with rigid instrumentation and monitored setting once treatment is initiated. If the 
0.01% with a flexible esophagoscope.° Bleeding and status of the patient deteriorates secondary to cervical 
technical difficulty associated with the procedure or mediastinal abscess, then surgical drainage should 


should alert the operator to an increased possibility of be performed without delay>!7 
injury.!-12 The most common site for these perfora- 


tions is the cricopharyngeal region.!!!5 Trauma sec- MATERIALS AND METHODS 

ondary to endotracheal intubation is not a common A retrospective review from July 1983 to June 
occurrence and is usually due to a very difficult 1990 at three institutions revealed a total of 10 pa- 
intubation or to the inexperience of the individual tients sustaining traumatic pharyngoesophageal per- 
placing the tube, an emergent setting, or the use of a foration that was managed conservatively (see Table). 
stylet with the procedure.>:!!:!3.14 There are also re- Conservative management of these patients included 
ports of injury to neonates in intensive care units nothing by mouth, intravenous fluids and antibiotics, 
attributed to the use of rigid suction catheters, nasogas- and nasogastric decompression with subsequent feed- 
tric and endotracheal tube placement, and digital trau- ing if anasogastric tube could be safely passed. There 
ma by the physician during resuscitative efforts. 15-17 were no mortalities among this group and no failures 
Spontaneous rupture, foreign bodies, and blunt trau- of conservative management requiring surgical inter- 
ma are other noted causes.45-1 vention. 
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Time to Time 
Treatment Until 
From Intravenous Oral 
Case Áge Sex Cause Location Injury Antibiotics Used Feeding 
1 26y M Assault Oropharynx and <12 h Ampicillin, clindamycin, 10d 
hypopharynx gentamicin 
2 2ly F Iatrogenic Not found 12-24h Trimethoprim- 3d 
sulfamethoxazole, 
metronidazole 
3 79y M Iatrogenic Not found <12h Cefazolin 10d 
4 45y M Iatrogenic Hypopharynx <12h Netilmicin, clindamycin 5d 
5 51y M Trauma Oropharynx and 12-24 h Cefazolin, metronidazole 10d 
hypopharynx 
6 39y M Trauma Hypopharynx 12-24 h Cefazolin, metronidazole 8d 
7 4y M Jatrogenic Hypopharynx <12h Cefazolin 5d 
8 92y M Iatrogenic Esophagus <12 h Cefazolin, metronidazole, Received 
gentamicin gastros- 
tomy 
9 By F Iatrogenic Hypopharynx <12h Cephalothin, pencillin G ld 
10 18d F Assault Oropharynx and >24 h Penicillin, gentamicin 8d 
hypopharynx 


The ages at the time of diagnosis ranged from 18 
days to 92 years, with a mean age of 48 years. There 
were seven males and three females; six were white 
‘and four black. 


The time period from injury to diagnosis ranged 
from immediate to several days, with the majority of 
diagnoses within several hours. There were seven 
patients with diagnoses within 12 hours, two patients 
between 12 and 24 hours, and one, a neonate, several 
days after the trauma had occurred at home secondary 
to child abuse. 


The cause of the injuries was believed to be related 
to assault or trauma in four patients and iatrogenic in 
six patients. The injury was located in the oropharynx 
or hypopharynx in seven patients, and in the lower 
esophagus in one patient. There were two patients in 
whom the site of injury could not be precisely located 
on physical or radiographic examination. 


The most common presenting symptom at diagno- 
Sis was subcutaneous emphysema, which was present 
in all of the patients. Radiographic studies revealed 
pneumomediastinum in four of nine patients (44%) 
and pneumothorax in one of nine (11%). Gastrografin 
or barium swallow studies demonstrated a leak in 
three of four (75%) patients. 


CASE REPORTS 


The following cases illustrate the methods of con- 
servative management used. 


Case 1. A 26-year-old man was admitted to the 
hospital after an alleged assault in which he was 
punched in the face and neck. On examination there 


was subcutaneous emphysema of the neck without 
hoarseness or airway distress. Indirect laryngoscopy 
showed edema and a laceration of the right lateral 
oropharynx. There was no evidence of laryngeal 
trauma. Plain x-ray films showed subcutaneous em- 
physema in the neck and a pneumomediastinum. A 
Gastrografin esophagogram and a computed tomog- 
raphy scan demonstrated cervical subcutaneous em- 
physema and a leak at the level of the left pyriform 
sinus. The patient was treated with intravenous ampi- 
cillin, gentamicin, and clindamycin for 7 days. Naso- 
gastric feeding was discontinued and he was begun 
on oral feedings on the 10th day. His overall recovery 
was uneventful. 


Case 2. A 21-year-old woman underwent an un- 
eventful tonsillectomy under general anesthesia. The 
endotracheal intubation was reportedly atraumatic. 
On the first postoperative morning, she was found to 
have minimal subcutaneous emphysema of the neck 
at the region of the right angle of the mandible. 
Indirect laryngoscopy revealed normal findings. Plain 
x-ray films confirmed the presence of subcutaneous 
air. The patient was given nothing by mouth and 
received intravenous trimethoprim-sulfamethoxazole 
and metronidazole. She was discharged on the third 
postoperative day with a prescription for oral Bactrim. 


Case 3. A 19-year-old man underwent surgery for 
an abdominal aortic aneurysm. On the second postop- 
erative day, he was resuscitated following acardiopul- 
monary arrest with difficult orotracheal intubation. 
He developed severe subcutaneous emphysema of 
the neck and a right-sided pneumothorax requiring a 
chest tube. He was extubated after 10 days of intrave- 
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nous cefazolin therapy. The subcutaneous emphyse- 
ma resolved and he was allowed clear liquids follow- 
ing extubation. He was discharged in stable condi- 
tion. 


Case 4. A 45-year-old man was admitted to the 
hospital with a 3-day history of emesis. He was a 
known diabetic and had alcoholic liver disease. He 
denied any complaints of fever, neck pain, hoarse- 
ness, dysphagia, or odynophagia at the time of admis- 
sion. Following a difficult nasogastric tube place- 
ment, he was found to have subcutaneous emphyse- 
ma of the neck. Indirect laryngoscopy showed edema 
and blood in the left pyriform sinus. Plain x-ray films 
confirmed the presence of subcutaneous emphysema 
of the neck with minimal pneumomediastinum. A 
Gastrografin study showed no evidence of aleak. The 
patient was given nothing by mouth and was treated 
with intravenous netilmicin and clindamycin. On the 
fifth day, his medication was changed to oral penicil- 
lin and he was given a clear liquid diet. He recovered 
without complications. 


Case 5. A 57-year-old man was admitted to the 
hospital following a motor vehicle accident. He was 
unresponsive when first examined in the emergency 
room and was intubated with difficulty. His neuro- 
logic status subsequently improved and he was ex- 
tubated after a few hours. On the following day, he 
was noticed to have subcutaneous emphysema of the 
left side of the neck and upper chest that was con- 
firmed by plain x-ray films. Indirect laryngoscopy 
showed trauma to the posterior pharyngeal wall. He 
was given nothing by mouth for 2 days and received 
intravenous cefazolin and metronidazole. Clear liq- 
uids were started on the third day and antibiotics were 
discontinued after 1 week. He was discharged on the 
10th day in good condition. 


Case 6. A 39-year-old man was admitted to the 
hospital after sustaining fractures to the hip and ankle 
in a motor vehicle accident. Consultation was re- 
quested on the following day to evaluate the patient 
because of subcutaneous emphysema in his neck. 
The patient complained of neck and throat pain. He 
denied any hoarseness or respiratory difficulty. On 
examination, he had extensive subcutaneous emphy- 
sema of the neck, mainly on the left side, with 
extension down to the inguinal region. Indirect laryn- 
goscopy revealed an injury to the posterior hypo- 
pharyngeal wall adjacent to the left pyriform sinus. 
Chest x-ray films did not show evidence of pneumo- 
thorax or pneumomediastinum, but did reveal exten- 
sive subcutaneous emphysema in the chest wall. 
Lateral neck x-ray films demonstrated air in the 
prevertebral column. The patient was treated with 
intravenous cefazolin and metronidazole for 1 week. 


A clear liquid diet was begun on the eighth hospital 
day. His subcutaneous emphysema slowly resolved 
and the hypopharyngeal injury healed without com- 
plications. 


Case 7. A 45-year-old man underwent a difficult 
intubation for a planned direct microlaryngoscopy 
and excision of a vocal cord nodule. Postoperatively, 
the patient developed neck pain. Physical examina- 
tion and neck x-ray films revealed subcutaneous 
emphysema. A Gastrografin swallow study revealed 
a right pyriform fossa leak. The patient was treated 
with intravenous cephalothin for 5 days with nothing 
by mouth, and his recovery was uneventful. 


Case 8. A 92-year-old man with a 5-year history of 
episodes of esophageal spasm was admitted with a 5- 
day history of dysphagia, odynophagia, and inability 
to tolerate oral intake. He underwent flexible esoph- 
agoscopy by the gastrointestinal service that revealed 
a food bolus impaction in the lower esophagus. The 
service tried to remove it, but was unsuccessful. 
Rigid esophagoscopy to remove the foreign body and 
biopsy to evaluate for peptic stricture, tumor, or 
achalasia was performed by the otolaryngology ser- 
vice on the following morning and the bolus was 
encountered at 31 to 34 cm in the esophagus. The 
esophagoscope could not be passed beyond this point 
and biopsy specimens were taken at 31 and 33 cm. 
There were no discrete lesions appreciated. The pa- 
tient tolerated the procedure well, but became febrile 
(39.0°C) and tachycardic 4 hours later. He com- 
plained of middle back pain and was tachypneic. 
Auscultation revealed left-sided rhonchi and rales. A 
chest x-ray film revealed subcutaneous emphysema 
and a pneumomediastinum. He had been receiving 
nothing by mouth postoperatively. He was given 
intravenous cefazolin, metronidazole, and gentamicin 
and was transferred to the intensive care unit for 
monitoring. A nasogastric tube was not placed and 
intravenous hyperalimentation was begun. 


A barium swallow study immediately following a 
negative Gastrografin swallow study was performed 
on the third postoperative day and showed a moder- 
ate-size leak (Fig 1). Because of the patient’s age and 
medical history, it was decided not to surgically 
repair the perforation. He recovered over a 3-week 
period and was discharged in stable condition with a 
gastrostomy for esophageal stricture. A follow-up 
esophagogram confirmed healing of the perforation 
prior to discharge. 


Case 9. A 73-year-old woman underwent 7 to 10 
unsuccessful attempts at endotracheal intubation for 
a planned lumbar laminectomy. The patient devel- 
oped immediate subcutaneous emphysema in the 
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Fig 1. (Case 8) A) Chest x-ray (anteroposterior view; portable technique) showing pneumomediastinum (arrows). B) Barium 
swallow study revealing extravasation of contrast medium (arrows) from moderate-size, lower esophageal perforation. 


neck that was greatest on the left side. Tooth 7 was 
fractured. The operation was canceled and the patient 
was observed postoperatively. She was placed on a 
regimen of intravenous cephalothin and penicillin G 
and remained afebrile. Fiberoptic laryngoscopy re- 
vealed left lateral and posterior pharyngeal wall 
ecchymoses. The larynx was normal. The patient 
tolerated a clear liquid diet begun on the following 
morning. Her subcutaneous emphysema was resolv- 
ing. She was discharged in stable condition on the 
second hospital day ona 10-day course of Augmentin. 


Case 10. An 18-day-old girl was admitted to the 
hospital for dark hematemesis that had begun that 
morning. Her medical history included normal gesta- 
tional age with a breech delivery requiring acesarean 
section. The patient was afebrile with clear, bubbling 


saliva in her mouth. Findings on oral, neck, and lung 
examinations were unremarkable; however, a chest 
x-ray film revealed pneumomediastinum and a lat- 
eral neck film showed free air in the lateral neck and 
pharyngeal soft tissues (Fig 2). A complete blood 
count exhibited only a moderate neutrophilia. Otolar- 
yngology consultation was requested to evaluate the 
patient for a congenital branchial malformation, tra- 
cheoesophageal fistula, or injury secondary to child 
abuse. 


The patient underwent rigid laryngoscopy and 
esophagoscopy. Superficial ulceration with eschar of 
the hard and soft palate and left tonsillar area was 
seen and appeared to indicate an injury several days 
old. It was not consistent with an injury that might 
have occurred at resuscitation at the time of delivery 





Fig 2. (Case 10) A) Soft tissue neck x-ray (lateral projection) showing free air in pharyngeal soft tissues (arrow). B) Chest x-ray 
(anteroposterior view; portable technique) revealing pneumomediastinum (arrow). 
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18 days earlier. A 1.5-cm laceration of the posterior 
pharyngeal wall extended down to the prevertebral 
fascia. Esophagoscopy showed slight edema and a 1- 
to 2-mm area of ulceration of”.c right posterolateral 
esophagus just above the gastroesophageal junction. 


The patient was given intravenous penicillin and 
gentamicin and a nasogastric tube was placed. A 
follow-up chest x-ray film showed no increase in air 
on the following day. A clear liquid diet was begun on 
day 8. The antibiotics were converted to oral Augmen- 
tin on day 10. She was discharged home in stable 
condition on day 11 with visitation by the protective 
service after initial investigations for child abuse 
were negative. However, a bone scan performed on 
an outpatient basis 3 days after discharge was posi- 
tive for healing rib fractures that were subtle and 
initially missed on chest x-ray films, confirming the 
suspicion of child abuse. This patient has had no 
hearing loss or other complication secondary to treat- 
ment. 


No patients developed abscess formation or high 
elevation of temperature, other than the patient in 
case 8, probably because of early diagnosis and 
adequate treatment. 


DISCUSSION 


Injury to the upper aerodigestive tract can occur 
from penetrating or blunt trauma.468-10 Jatrogenic 
injury to this region is not uncommon after endoscop- 
ic evaluation and following difficult endotracheal 
and nasogastric intubation.!!-! Most reported series 
of pharyngoesophageal perforations involve evalua- 
tion of the injuries at different levels and are second- 
ary to various mechanisms.~* An injury secondary to 
instrumentation has a more favorable prognosis, be- 
cause of the likelihood of earlier diagnosis and a 
higher location. A spontaneous perforation is usually 
larger and diagnosed much later, commonly involves 
the intrathoracic esophagus, and deeply soils the 
mediastinum with bacteria and gastric juices because 
of its explosive nature.?452.10 Mengoli and Klassen! 
in 1965 were among the first to advocate conserva- 
tive management. They gave nonsurgical treatment 
to 18 of 21 cases of esophageal perforation secondary 
to esophagoscopy. They noted that the key to early 
diagnosis and prompt institution of care with intrave- 
nous antibiotic therapy and alimentation was a high 
index of suspicion for injury. Undue bleeding and 
technical difficulties during instrumentation and post- 
operative pain, fever, and subcutaneous emphysema 
led them to an early diagnosis. Chest radiography. and 
an esophagogram further confirmed and located the 
injury. Their reported mortality was 6% with this 
approach. Of further interest is that 14 of these 


perforations occurred in the lower esophagus and 6 
patients had an associated malignancy within the site, 
of which 5 healed with conservative management. 
Lyons et al® reported 9 cases of lower esophageal 
perforation treated successfully in a conservative 
fashion, of which 4 patients presented late to the 
hospital in a toxic state with mediastinitis and were 
“too sick” to withstand surgery. Wesdorp et al‘ re- 
viewed 54 cases of instrumental esophageal perfora- 
tion treated conservatively, and their findings and 
recommendations were similar. They recorded a mor- 
tality rate of 0% (0 of 19 patients) in perforations 
without associated malignancy and 8.6% (3 of 35 
patients) in those with malignancy. 


Blunt trauma can result from acceleration-decel- 
eration injuries from motor vehicle accidents, blows 
to the neck, and strangulation injuries. A perforation 
of the pharyngoesophagus can result from blunt trauma 
to the neck when the laryngeal cartilages are com- 
pressed against the vertebral bodies. Hypertrophic, 
anterior osteophytes of the cervical vertebrae have 
been reported to cause perforation, as has hyperex- 
tension of the cervical spine with rupture of the 
pharyngoesophagus.!8-21 


Subcutaneous emphysema, pneumomediastinum, 
and pneumothorax are common manifestations of 
blunt and penetrating injuries to the neck and chest.2* 
If crepitus is present following trauma, one must 
assume there is a tear in the aerodigestive tract. Chest 
and soft tissue x-ray films of the neck should be 
obtained to detect subcutaneous and intrathoracic air. 
Cervical and mediastinal emphysema can be seen 
radiographically in 95% of patients with cervical 
esophageal injuries.!9 Pneumomediastinum can be 
missed in about half of cases if only anteroposterior 
chest films are obtained. With the addition of a lateral 
view, nearly 100% accuracy is achieved. Pneumo- 
thorax occurs in about 50% of patients with pneumo- 
mediastinum.”° The reliability of the Gastrografin 
swallow study ranges from 75% to 100%.® This 
contrast agent is water soluble and produces less 
reaction than barium if extravasated into the medias- 
tinum.*:!2:21 If a repeat esophagogram is indicated, 
barium can be used for its higher resolution capabil- 
ity. A computed tomographic scan with contrast is 
recommended as an adjunctive study to determine 
the site and extent of the injury. This can direct the 
surgeon preoperatively if an abscess is present in the 
neck or in the mediastinum requiring surgical drain- 
age. Itis especially useful in a patient who is critically 
ill, since minimal positioning of the patient is re- 
quired to perform the study.?2 


Surgical treatment consists of either primary repair 
of the perforation or drainage alone. According to 
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Hagan, !* extensive subcutaneous or prevertebral em- 
physema should mandate surgical drainage. Most 
authorities feel that primary closure of the injury 
should be performed; however, this may be difficult 
after 24 hours because of patient deterioration and 
friability of the infected tissues. Tucker and Padula?’ 
noted that if the perforation is inaccessible and exten- 
sive dissection is necessary to ensure proper expo- 
sure, primary closure is not mandatory and simple 
drainage is all that is needed. There is no general 
agreement as to the duration of drainage. In Hagan’s 
series,!8 drains were removed as early as the second 
and third postoperative days. Hagan also proposed 
that surgical treatment be reserved for very small 
(less than 1 cm) perforations with minimal subcuta- 
neous emphysema. Complications related to upper 
aerodigestive tract injuries carry a 10% to 15% mor- 
tality rate. Injuries to the middle and lower portions 
of the esophagus appear to be more serious, with as 


great as a 50% morbidity and mortality rate.!°!! The - 


length of hospitalization and the mortality rate double 
in patients who receive diagnoses 24 hours after the 
start of symptoms.®!0:!2 Although various authors 
recommend direct rigid endoscopy whenever pos- 
sible to evaluate the extent of the injury, we and other 
authors have found this not to be essential.?4 


Our approach differs from the protocol suggested 
by others. We have conservatively treated patients 
with extensive subcutaneous and retropharyngeal 
emphysema with success. The majority of our pa- 
tients received diagnoses within hours. Our patient in 
case 8 exemplifies the success of early institution of 
conservative management in an elderly patient with 
a lower esophageal perforation who, because of age 
and medical history, was not an ideal surgical candi- 
date. We believe that patients treated with a conser- 
vative protocol should be monitored closely for the 
development of cervical abscess or mediastinitis and, 
if necessary, be explored and drained surgically with- 
out delay. In the series of Shockley et al,” two 
patients treated conservatively required surgical ex- 
ploration at 48 and 72 hours after initiation of antibi- 
otic therapy. According to Loop and Groves,” 25% 
of patients treated conservatively will develop cervi- 
cal abscess. 


In our series, there was no uniformity as to the 
choice or duration of antibiotics prescribed or the use 
of nasogastric decompression and feeding. Proximal 


perforations, such as to the lateral or posterior pharyn- 
geal wall, are less dangerous and require shorter 
antibiotic therapy than pyriform fossa, cricopharyn- 
geal, or lower esophageal injuries. We currently 
recommend a broad-spectrum regimen of intrave- 
nous antibiotics consisting of cefazolin and metroni- 
dazole, based on the abundance of anaerobes with 
salivary contamination. We also use an aminoglyco- 
side, such as gentamicin or tobramycin, for the cov- 
erage of gram-negative bacilli. Third-generation ceph- 
alosporins may be used, as well. If necessary, consul- 
tation with an infectious disease specialist should be 
requested, The prevalence of contamination has been 
reported to be increased in elderly, debilitated, and 
institutionalized patients, who tend to have a higher 
incidence of pharyngeal carriage of gram-negative 
bacilli.3:2!:25 Alimentation can be provided intrave- 
nously or by nasogastric tube if atraumatic passage 
can be obtained. However, it has been documented 
that the presence of a nasogastric tube can lead to 
increased gastric reflux and thus further contamina- 
tion to the healing wound.!© The use of follow-up 
Gastrografin or barium swallow studies can aid in the 
confirmation of closure of the injury. The duration of 
nothing-by-mouth status depends on the type and 
extent of laceration and the age and general physical 
condition of the patient. 


CONCLUSIONS 


Our experience shows that acute pharyngoesopha- 
geal injury can be managed conservatively with suc- 
cess. Early diagnosis is the key to the treatment of 
these patients, which is preferably based on a combi- 
nation of intravenous antibiotic therapy and no oral 
feedings. Nasogastric tube decompression or alimen- 
tation has been used in some of our patients without 
associated complication. Mirror or fiberoptic flex- 
ible laryngoscopy was performed in nearly all of our 
patients to ascertain the nature of the injury. We 
believe that surgical drainage should be performed 
promptly and without delay if the patient’s status 
deteriorates; however, none of our patients required 
surgical intervention. Finally, we feel that our ap- 
proach has proven to be relatively safe and cost- 
effective, and without disability or prolonged hospi- 
talization of our patients, although we do not have a 
control study to compare patients who have been 
surgically treated. 
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CRICOPHARYNGEAL MYOTOMY: INDICATIONS AND TECHNIQUE 
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Available diagnostic tests evaluating cricopharyngeal dysmotility are expensive, uncomfortable, and unreliable for predicting the results 
of cricopharyngeal myotomy. Cricopharyngeal myotomy should be performed as a diagnostic test when a patient has “block” dysphagia (in 
which the food bolus stops rather than the swallow’s being painful) localized to the cricoid level, and when no cancer is seen on esophagram. 
An effective surgical technique relies on the muscular distention provided by the inflated balloon cuff of a large endotracheal tube, and requires 
cutting the muscle fibers of the upper esophagus, the cricopharyngeus, and the hypopharynx in the posterior midline from a point 1 em below 
the cricoid cartilage to the level of the thyrohyoid membrane. The cricopharyngeal limits are indistinct until the muscle fibers have been cut. 
Bougies, esophagoscopes, and cuffless endotracheal tubes insufficiently distend these muscle fibers. A “peanut” sponge in a Kelly clamp is used 
to identify and separate the last muscle fibers from the mucosa so they can be divided, These techniques minimize the risks of esophageal per- 
foration and incomplete muscular transection. Our experience performing 54 cricopharyngeal myotomies is reported. 


KEY WORDS — achalasia, cervical dysphagia, cricopharyngeal myotomy, cricopharyngeus muscle, Zenker’s diverticulum. 


INTRODUCTION 


Cervical “block” dysphagia is an uncommon com- 
plaint of patients seen by otolaryngologists. Anat- 
omic causes of dysphagia such as cancer, scarring, 
and foreign bodies need to be excluded by physical 
examination, esophagram, and, in the rare case in 
which there is still a question, esophagoscopy. 
Cricopharyngeal (CP) muscle dysfunction is the most 
common physiologic cause of cervical block dyspha- 
gia, but it has been hard to diagnose in the past. 
Medical therapy for CP achalasia has been ineffec- 
tive, and while CP myotomy has been shown to be 
effective in published clinical reports, we now feel 
its indications have been unduly limited. The litera- 
ture, in general, advises CP myotomy only when 
there is cineradiographic or manometric evidence of 
CP muscle dysfunction.’ Surgeons are reluctant to 
operate solely on the basis of the patient’s description 
of block dysphagia with solid foods (more so than liq- 
uids) at the cricoid level. Also, the technique usually 
described in the literature depends only on esopha- 
geal dilation with a bougie or esophagoscope to try to 
distend the muscle fibers from the lower pharynx in- 
to the upper esophagus.‘ This is ineffective and un- 
safe in our experience. We have found a group of pa- 
tients who, when selected on a carefully taken his- 
tory alone, benefit from CP myotomy even though 
they have “normal” cineradiographic or manometric 
studies. Therefore, we now advocate CP myotomy as 
both a diagnostic and therapeutic modality in pa- 
tients with solid food block dysphagia at the level of 
the cricoid. 


ANATOMY AND PHYSIOLOGY 


The CP musele is a sling around the junction of 
the hypopharynx and esophagus and is attached to 
the sides of the cricoid cartilage. The oblique fibers 


of the inferior pharyngeal constrictor blend into the 
CP muscle from above, as does the circular esopha- 
geal musculature from below. The literature gen- 
erally states that the CP muscle is in a state of tonic 
contraction and relaxes during deglutition. This 
finding was primarily based on observations made 
during esophagoscopy or manometry, both of 
which stimulate mucosal stretch receptors and alter 
normal CP resting physiology. When the function 
of the CP muscle in the dog was studied electromyo- 
graphically (which does not activate esophageal 
stretch receptors), the CP muscle was found to be 
relaxed in the resting state between swallows, and 
during each swallow it had a brief contraction- 
relaxation-contraction cycle.” Manometry in hu- 
marıs is uncomfortable, expensive, inconsistent, and 
unreliable! with single sensors, and can take longer 
than a CP myotomy; however, it occasionally has 
been able to demonstrate a 0.1-second delay in CP 
muscle relaxation in patients with block dysphagia.’ 
Cineradiography, in severe cases of solid and liquid 
block dysphagia and in Zenker’s diverticulum, has 
sometimes been able to demonstrate failure of prop- 
er CP relaxation during swallow.'° In this event, the 
CP muscle (the “CP bar”) indents the bolus of dye 
as it passes from the hypopharynx into the esopha- 
gus. We cannot assume, however, that if the CP 
muscle relaxes and opens well enough so that no bar 
indents the passing bolus — especially if it is only 
the usual liquid barium — that swallowing is nor- 
mal.®* Although the exact neurophysiologic mecha- 
nism remains controversial, it is accepted that cervi- 
cal block dysphagia results from a delay or failure of 
relaxation of the CP muscle during deglutition. 


HISTORY AND LITERATURE REVIEW 
Valsalva’! is credited with the first modern de- 
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scription of the CP region. Killian’? in 1907 more 
accurately described its muscular anatomy, includ- 
ing the weak triangular area between the inferior 
constrictor and CP muscles (the site of pharyngo- 
esophageal or Zenker’s diverticulum). In 1926 Jack- 
son and Shallow’ suggested that CP muscle relaxa- 
tion failure during deglutition causes these diver- 
ticula. Lahey" in 1946 recommended dilation of 
the CP muscle as part of the treatment of diverticu- 
lum. In 1950 Asherson's created the term CP acha- 
lasia, describing it as a prediverticular state. 


On the basis of the theory that a dysmotile CP 
muscle results from bulbar or supranuclear central 
nervous system disorders, it was hypothesized that 
the surgical relaxation of the CP muscle would re- 
lieve cervical block dysphagia in patients with cer- 
tain neurologic diseases. In 1951 Kaplan’® reported 
the first successful myotomy in the treatment of cer- 
vical dysphagia in a patient with poliomyelitis. The 
efficacy of CP myotomy has since been docu- 
mented,® in small series, for amyotrophic lateral 
sclerosis,’” Parkinson’s disease, cerebrovascular ac- 
cidents, skull base lesions and surgery,’ and oculo- 
pharyngeal muscular dystrophy.’® 


The usefulness of CP myotomy in head and neck 
cancer surgery has been recognized for over 30 
years. Ogura et al’® noted that during supraglottic 
laryngectomy the CP muscle was tightly constricted 
when the surgeon’s finger was inside it, and that CP 
myotomy relaxed the muscle, improved deglutition, 
and reduced aspiration postoperatively. Mladick et 
al and subsequent authors discussed other onco- 
logic procedures in which CP myotomy might be 
included. 


Cricopharyngeal achalasia may be a result of gas- 
troesophageal reflux in some patients. In 1977 
Henderson and Marryatt! reported on 19 patients 
who underwent CP myotomy, 17 of whom showed 
improvement. They performed a CP myotomy on 
patients who failed medical management of acid re- 
flux with minimal heartburn, who were too ill for a 
major thoracoabdominal reflux procedure, and who 
had persistent dysphagia after hiatal hernia repair 
for reflux. In 1980 Orringer® reported a similar ex- 
perience. Pulsion (Zenker’s) diverticulum may result 
when normal CP function is disrupted. Konowitz 
and Biller* have recently reviewed the management 
of pulsion diverticulum, with emphasis on CP my- 
otomy combined with diverticulopexy. Fundamen- 
tal to their discussion is the concept that the under- 
lying disorder is failure of the CP muscle to relax 
during deglutition, not a weak pharyngeal wall. 


PATIENTS 


Fifty-four patients underwent CP myotomy by 
the senior author (H.H.D.) between 1973 and 1991. 
Records could be obtained on 47. Follow-up was 
based on chart review and personal communica- 


tion. Twenty-five (53%) of the patients were men 
and 22 (47%) were women. Patients ranged in age 
from 26 to 87, with a median age of 64 and an aver- 
age age of 60.7. The underlying cause of the pa- 
tients’ CP dysfunction was not identified in 17 
(36 %) patients. It was identified as postlaryngecto- 
my block dysphagia and/or failure of Blom-Singer 
speech in 7 (15%); cerebrovascular accident in 7 
(15%); hiatal hernia with gastroesophageal reflux 
in 5 (11%); cranial nerve deficits from neurosurgi- 
cal or skull base lesions in 8 (17%); post-hemiglos- 
sectomy status in 1 (2%); Parkinson’s disease in 1 
(2%); and dystonia musculorum deformans in 1 
(2%). Preoperative diagnostic evaluations after in- 
direct laryngoscopy initially included cine-esoph- 
agram, esophagoscopy (either rigid or flexible), and 
single sensor manometry. Seven patients had no 
preoperative diagnostic tests; these were in the 
group with multiple cranial nerve deficits (and low 
risk of cancer, esophageal stenosis, or Zenker’s di- 
verticulum). Of the remaining patients, 26 had an 
esophagram alone, and 7 had both an esophagram 
and esophagoscopy. Three patients had an esopha- 
gram and manometry, and 4 had esophagoscopy 
alone. The CP manometric studies and the esopha- 
goscopies were unable to demonstrate CP abnor- 
malities, so they are no longer used as diagnostic 
modalities for CP achalasia. Of the 36 patients who 
had esophagrams, only 11 patients had identifiable 
CP abnormalities. Three of these 11 patients had 
Zenker’s diverticulum as a result of their CP dys- 
function. The 5 patients with gastroesophageal re- 
flux had minimal abdominal symptoms, had failed 
medical therapy, and had marked solid food block 
dysphagia at the cricoid level. 


INDICATIONS FOR MYOTOMY 


In the English literature on CP myotomy, the ac- 
cepted indication for the procedure is the presence 
of a CP bar on cine-esophagram. Surgeons natural- 
ly prefer that an unequivocal diagnosis be estab- 
lished by a manometrist or radiologist rather than 
to rely on their own clinical acumen; however, 
manometry and cine-esophagram do not identify a 
group of patients whom we have found to benefit 
from CP myotomy. Cineradiography and mano- 
metry are not abnormal in these patients; however, 
the former is ordinarily performed with liquid radi- 
opaque media when these patients have no prob- 
lems with liquids. Manometry, as currently per- 
formed, uses a probe that has only a single sensor at 
the level of the CP muscle, which may be against 
the cricoid cartilage, against the upper esophageal 
wall during the laryngeal elevation component of 
deglutition, or causing reflex CP spasm. When a 
cine-esophagram is performed with barium-coated, 
chewed solid food, especially the foods that have 
been “catching” at the CP level, it is sometimes pos- 
sible to record delay or complete obstruction at the 
CP muscle. Thus, when the esophagram is done 
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properly, it may confirm that the complaint is real. 
Clinically useful manometry of the CP muscle awaits 
improved sensor technology. 


In our opinion, a sufficient basis for diagnosis 
and surgical treatment is a careful history, and a 
pharyngoesophagram that shows no evidence of a 
cancer. This is especially true in the patient with 
less gross dysphagia than that causing nasal regurgi- 
tation, a Zenker’s diverticulum, or a CP bar on the 
cine-esophagram. Patients with CP achalasia who 
will benefit from CP myotomy typically present 
with block dysphagia (bolus obstruction) at the 
level of the cricoid cartilage. They do not have the 
typical pain that accompanies those cancers large 
enough to cause dysphagia. They consistently have 
difficulty swallowing solid foods but not liquids, 
and require multiple attempts (often with repeated 
sips of water) to swallow a single bolus of chewed 
solid food. Nasopharyngeal reflux, laryngeal aspira- 
tion, and weight loss are seen only in severe cases. 
The sensation of a block is present only until the 
bolus of solid food passes into the esophagus, and is 
not present when the patient is swallowing liquids, 
nor between swallows (much less meals), as occurs 
in globus syndrome. Physical examination of the 
pharynx, hypopharynx, larynx, and neck is unre- 
markable, and a routine (liquid barium) esopha- 
gram is normal. These selection criteria identify pa- 
tients with enough CP dysmotility that it should be 
alleviated or eliminated by CP myotomy, even 
though it is too subtle to be detected by cineradiog- 
raphy and/or manometry. 


Gastroesophageal reflux is not a contraindication 
to performing CP myotomy in patients with solid 
food block dysphagia. Henderson and Marryatt”? 
have reported on patients with CP achalasia who 
were not improved after apparent medical or surgi- 
cal control of gastric acid reflux until a CP myotomy 
was performed. We have observed that gastroesoph- 
ageal reflux symptoms have not been exacerbated 
by surgical relaxation of the CP muscle. Vocal cord 
irritation and/or granulomas have not occurred in 
any of these CP myotomy patients, even when fol- 
lowed up for years. 


Cricopharyngeal myotomy is, of course, contra- 
indicated in globus syndrome. This syndrome is 
characterized by a nearly constant sensation of a 
lump, mucus, postnasal drip, or “something stuck” 
at the level of the cricoid, and commonly increases 
or enlarges with stressful events. The syndrome has 
been present for months or years with fluctuation in 
severity (from severely annoying to absent), and 
does not disappear between swallows. Globus syn- 
drome patients are easily distinguished from pa- 
tients with solid food block dysphagia because the 
former never have difficulty swallowing liquids or 
solid food. 


In our experience, cricoid block dysphagia pa- 


tients with a history of cerebrovascular accident are 
suitable candidates for CP myotomy. If they have 
marked dysarthria, aphasia, or apraxia, however, 
they may have less chance of improvement. Patients 
with these dysfunctions may have such brain disor- 
ganization that they cannot or will not initiate a 
swallow. 


TECHNIQUE 


Cricopharyngeal myotomy has a relatively low 
risk of morbidity and mortality. Pharyngocutane- 
ous fistula, recurrent laryngeal nerve injury, and 
incomplete transection of CP muscle fibers are pos- 
sible risks, but are very unlikely to occur with the 
following technique. 


We use a standard left-sided approach to visual- 
ize the posterior surface of the CP muscle, as shown 
in detail in our surgical atlas.” The larynx is rotated 
away from the surgeon with a double hook on the 
posterior edge of the thyroid cartilage ala so that the 
posterior pharyngeal wall is visualized. It is impor- 
tant not to let the lower tine of the double hook be 
applied below the midpoint of the ala; it must stay 
well away from the recurrent laryngeal nerve, since 
the nerve passes behind the inferior cornu of the 
thyroid cartilage. For extra recurrent nerve protec- 
tion, we cover the inferior cornu with the surgeon’s 
left thumb while installing the double hook. 


Distention of the pharyngoesophageal muscle fi- 
bers while they are cut is essential. Many devices 
have been used to try to accomplish distention, in- 
cluding esophagoscopes,”* esophageal bougies or di- 
lators,*® and esophageal balloons.* We found that 
these devices do not distend the pharynx properly as 
the surgeon’s finger does, so as to display the uncut 
muscle fibers, during a supraglottic laryngectomy.” 
Since there is no opening in the pharyngeal mucosa 
during CP myotomy, we have found that a large 
(36F or 38F) endotracheal tube, with a barrel- 
shaped, low-pressure, high-compliance cuff, is an ex- 
cellent substitute for the finger because it also pro- 
vides active but soft distention. We especially like 
this type of cuff because it distends a long segment 
and it does not tend to migrate into and distend only 
the area in which the first fibers are cut, as the older, 
round cuffs do. The endotracheal tube is best in- 
stalled in the esophagus by the anesthesiologist after 
the patient is anesthetized and prior to preparing and 
draping the skin. If a Zenker’s diverticulum is pres- 
ent, it will usually go into the diverticulum. There- 
fore, in these patients insertion is stopped as soon as 
the tube has been gently passed behind the cricoid 
cartilage and resistance is met. Otherwise, there is a 
potential danger of perforation. Later, when the sac 
has been exposed surgically and tipped upward, the 
anesthesiologist eases the distal end of the endo- 
tracheal tube into the upper esophagus so the balloon 
will be within the CP muscle. 


Once the larynx is rotated and the posterior mid- 
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line is identified, the anesthesiologist inflates the en- 
dotracheal tube cuff (see Figure,” A). As the muscle 
fibers are cut, a distended cuff makes the uncut 
muscle fibers and thin submucosal fascia between 
the muscle and mucosal layers visually prominent 
because they indent the balloon (see Figure, B). A 
“peanut” in a Kelly clamp is used to roll uncut mus- 
cle fibers and fascia and loosen them from the 
underlying hypopharyngeal and esophageal mucosa 
prior to cutting them with a No. 15 Bard-Parker 
scalpel blade. During this fiber cutting, one poten- 
tial pitfall is to mistake the cuff-endotracheal tube 
junction for an indenting muscle fiber. If the anes- 
thesiologist deflates, moves, and reinflates the endo- 
tracheal tube cuff 1 to 2 cm caudad and cephalad 
after some fibers have been cut, the risk of mucosal 
perforation from this cause is minimized. Also, the 
electrocautery is used only on muscle, and not on 
the mucosa, to minimize risk of perforation. 


Unless Zenker’s diverticulum is present, we use a 
myotomy length of 4 to 5 cm, extending in the pos- 


Single muscle fibers 
„indenting balloon 


Cut inferior 
pharyngeal 
constrictor m. 


Reprinted with permission.” A) Demonstration of 
laryngeal rotation, recurrent laryngeal nerve (RLN) 
position, and early distention of cricopharyngeal re- 
gion musculature, B) Residual muscle fibers are 
identified by adequate distention and also biunt 
“peanut” dissection. C) Location of cricophar- 
yngeus muscle can be reliably identified only after 
all fibers have been transected. 
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distending hypopharynx 
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terior midline from the level of the thyrohyoid 
membrane to 1 em below the inferior edge of the 
cricoid cartilage. This cut length assures that all of 
the CP muscle fibers have been divided, and it has 
caused no postoperative problems. If there is a 
Zenker’s diverticulum, the upper edge of the CP 
muscle is obvious since the inferior edge of the neck 
of the sac is draped over it. In this case, we tip the 
sac upward, position and inflate the balloon within 
the CP muscle, and incise its fibers in the posterior 
midline for 2 cm below the neck of the sac. We no 
longer incise over or resect the sac in order to mini- 
mize the risk of mucosal leak. It will contract down 
and become asymptomatic after the CP muscle ob- 
struction is relieved,’ especially if the thinned in- 
ferior constrictor muscle fibers are left intact on its 
dorsal surface. If it is larger than 3 or 4 cm, it can be 
rotated upward and supported with a gut suture 
through the inferior constrictor left on its posterior 
surface. Unlike the anatomy atlas illustrations, in a 
patient the location of the CP musculature can be 
reliably identified only after all the fibers have been 
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transected, when its thickness is seen to be greater 
than that of the very thin esophageal muscle or the 
intermediate thickness of the inferior pharyngeal 
constrictor (see Figure, C). 


RESULTS 


Duration of follow-up ranged between 1 month 
(for 6 patients who did so well they chose not to re- 
turn) and 16%/, years. The average length of follow- 
up was 6'/, years. The surgical outcome was evalu- 
ated clinically, since cine-esophagrams cannot dem- 
onstrate all symptomatic CP muscle dysfunction. A 
patient’s postoperative deglutition was classified as 
normal, markedly improved, not improved, or 
worse in comparison to the preoperative state. No 
patient reported worsening of the symptoms by CP 
myotomy. Twenty-one (45%) patients reported 
normal swallow postoperatively. Fourteen (30%) 
patients reported markedly improved swallowing, 
but fell short of normal. (Therefore 35, or 75%, 
were at least markedly improved by the myotomy.) 
Dramatic objective evidence of improvement was 
that 2 patients who had required a feeding gastros- 
tomy preoperatively were able to have the tube re- 
moved. Six (12.5%) patients had minimal improve- 
ment in symptoms, and 6 (12.5%) patients had no 
improvement. 


Of patients without a known cause for their CP 
dysfunction, 15 of 17 had a markedly improved or 
normal swallow. Five of 7 patients who had postlar- 
yngectomy block dysphagia had good or excellent 
results. In patients with cerebrovascular accidents, 
6 of 7 had markedly improved deglutition. (The se- 
nior author knows of a patient, whose records were 
not available, who had suffered a cerebrovascular 
accident with resultant apraxia and dysarthria and 
neither improved nor worsened with CP myotomy.) 
Three of 5 patients with gastroesophageal reflux im- 
proved markedly. Of patients with skull base region 
trauma or neoplasia, only 3 of 8 had significant im- 
provement. This finding would suggest that the 
presence of multiple lower cranial nerve palsies in 
patients who undergo CP myotomy makes improve- 
ment less likely, although the 3 patients who did im- 
prove would argue that the benefit outweighs the 
minimal risks of the procedure. The patients with 
Parkinson’s disease, dystonia, and hemiglossectomy 
were markedly improved. 


The patients were also stratified according to the 
duration of their follow-up. Thirty-four of the 47 
patients had follow-up of 6 months or longer. Of 
these 34, 25 (74%) had an excellent or good surgical 
outcome. Only 1 had a partial recurrence of dys- 
phagia after 6 or 7 years of marked improvement. 
This rate is not different from the total group im- 
provement rate as outlined above. The patients 
with less than 6 months of follow-up had an im- 
provement rate of approximately 77%. This differ- 
ence is not statistically significant because of the 
small sample size. 


Of the 36 patients who had preoperative (liquid 
media) esophagrams, 25 were reported as having 
normal anatomy and motility through the pharyn- 
goesophageal segment, in spite of the patients’ vivid 
description of solid food block dysphagia. Of these 
25 patients, 7 (28%) had normal swallowing post- 
operatively, 13 (52%) had marked improvement, 2 
(8%) had minimal improvement, and 3 (12%) 
showed no improvement. Thus, 80% of these symp- 
tomatic patients, with “normal” esophagrams pre- 
operatively, benefited from CP myotomy, because 
we rejected the conventional diagnostic criteria of 
an abnormal liquid cine-esophagram. Also, all of 
the patients who had “normal” manometry preop- 
eratively — in spite of severe clinical block dys- 
phagia — had normal or markedly improved de- 
glutition postoperatively. 

Two patients had previously received diagnoses 
of CP dysfunction and had undergone myotomy by 


_ other surgeons, without improvement. After we re- 


peated the CP myotomy using the technique de- 
scribed above, both patients reported that their 
swallowing had returned to normal. During the op- 
eration we found that they had not had a complete 
CP myotomy. 


No patient developed vocal cord paralysis or a he- 
matoma. One patient developed a slight wound in- 
fection, which quickly responded to antibiotics. 
One patient developed a small pharyngocutaneous 
leak on the second postoperative day, which healed 
spontaneously in 3 days. 


SUMMARY 


Deglutition is a complex neurophysiologic act. 
Disruption of the normal relaxation of the CP muscle 
during swallow results in block cervical dysphagia 
of solid foods, or CP achalasia. Medical treatment 
has not been effective. These patients’ symptoms 
have been cured or alleviated by CP myotomy. 
Manometry and cineradiography are not effective 
in correctly identifying all of the patients who will 
benefit from CP myotomy. Eighty percent of these 
patients were markedly improved or given normal 
swallow by CP myotomy performed on the basis of 
specific symptoms described earlier, even though 
their cine-esophagrams and/or manometries revealed 
no disease. We therefore advocate CP myotomy as a 
diagnostic test on patients with solid food block dys- 
phagia after excluding cancer, other anatomic le- 
sions such as esophageal scar, and globus syndrome. 
Cricopharyngeal myotomy also relieves the dyspha- 
gia and lets the sac shrink when a Zenker’s divertic- 
ulum is present. Gastroesophageal reflux is not a 
contraindication. The described technique mini- 
mizes the risks of mucosal perforation and incom- 
plete fiber transection. The technique relies on the 
use of a cuffed endotracheal tube, which acts as an 
active muscular distention device, and creation of a 
myotomy of adequate length and depth to ensure 
complete division of the CP muscle. 
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IRRADIATION-INDUCED ATHEROSCLEROSIS: 
A FACTOR IN THERAPEUTIC PLANNING 
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Early primary head and neck cancers (stages I and II) and occult metastatic neck disease have caused debate regarding the choice be- 
tween surgery and irradiation. The arguments for each are reviewed with a new consideration: the acceleration and/or induction of 
carotid atherosclerosis in irradiated patients. We present clinical case reports {n = 9), a retrospective clinical evaluation for the occurrence 
of carotid atherosclerosis in irradiated head and neck cancer patients (n = 57), and a comparison study of the extent and distribution of 
atherosclerosis in irradiated (n = 29) and nonirradiated head and neck cancer patients controlled for age, blood pressure, and tobacco use. 
The results show that carotid atherosclerosis is found in a wider anatomic distribution and to a greater extent in irradiated than in nonir- 
radiated patients, We conclude that carotid atherosclerosis is induced and/or accelerated by neck irradiation. The implications as they 


relate to choice of treatment, to pretreatment evaluations, and to long-term follow-up are discussed. 


KEY WORDS — carotid atherosclerosis, carotid ultrasound, head and neck neoplasms, irradiation. 


INTRODUCTION 


The proper treatment of the NO neck remains an 
unresolved issue. Whether initial treatment of the 
neck concomitant with treatment of the primary tu- 
mor is beneficial and, if it is, which are the preferred 
method and proper timing remain debatable. Pre- 
vailing opinions are 1) that neck disease should be 
addressed when the expected occult rate exceeds 
20%, and 2) that the neck may be treated equally 
well by irradiation or surgical dissection. *? Similar- 
ly, because many Tl- and T2-staged primary head 
and neck tumors have cure rates from either surgery 
or irradiation that are essentially equal, the same 
quandary as to the preferred treatment modality 
remains. 


When different therapeutic modalities yield com- 
parable results, the choice must be based on other 
variables. Important questions that must be ad- 
dressed before treating occult metastatic nodal neck 
disease are 


1. Is the primary tumor to be treated by surgery 
alone, or will irradiation, alone or as part of 
combined therapy, be used? 

2. If surgery is to be used, will the approach be 
through the neck and allow simultaneous man- 
agement of occult nodal disease? 


Secondary considerations include 


1. Is the primary tumor at the midline, requiring 
treatment to both sides of the neck? _ 
2. Would a modified neck dissection limit the size 


of the irradiation field and thus the morbidity of 
irradiation? 


With the myriad of opinions and data sources 
available, there is still no agreement between those 
preferring surgery and those preferring irradiation 
for occult metastatic or small primary tumors of the 
upper aerodigestive tract.*-*¢ 


Barring relevant social and economic considera- 
tions, the crucial medical question is that if both 
modalities of treatment are equally efficacious in the 
same disease setting, then which of the two causes 
the least harm or risk to the patient? Historically, 
negative surgical considerations have included loss 
of function,” cosmesis, and anesthetic and metabol- 
ic risks. Cosmesis and function are lesser factors 
now, since conservation and selective regional neck 
dissections have become the standard of care for oc- 
cult disease.*'* Negative considerations for radio- 
therapy have included hypothyroidism,'® xerosto- 
mia,?°-?4 dental sequelae,” and loss of future treat- 
ment options for subsequent second primaries in pa- 
tients at high risk for metachronous lesions.” What 
we believe now to be an additional major negative 
consideration relevant to the use of irradiation has 
been identified and prompts this report. This nega- 
tive factor is the effect of irradiation on the carotid 
artery. 


STUDY DESIGN AND RESULTS 


We became concerned about this problem when 
we realized that nine of our head and neck cancer 
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0 — none, 1 — minimal plaque, 2 —— moderate plaque, 3 — large 
plaque, CCA — common carotid artery, BIF — bifurcation, ICA — 
internal carotid artery, NE — not examined, ND — no flow detected. 
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TABLE 1. RESULTS OF DIAGNOSTIC 
aa i rs IN PATIENTS WITH 


AD AND NECK TUMORS 


HAVING UNDERGONE RADIOTHERAPY 


Left/Right 
Sex CCA BIF ICA 
M 0/0 110 %0 
M 10 10 10 
F Wl Wh 2/1 
F 0 2 10 
M 10 3/2 3/2 
M NE 21 1/2 
M Wl 12 3/2 
F 0/0 o2 0/0 
M 10 2/2 3/3 
M 2 33 3/2 
F 0/0 0/0 0/0 
F N2 10 Wi 
M N1 Ol 2/0 
F Ol 1/2 1⁄2 
M 2A YA 12 
M Wl 3 2/2 
F 0/0 11 0/0 
M Wl A 22 
M 010 1/2 0/0 
M Wl 2/2 0/0 
M 0 02 1l 
F 010 2/2 22 
M 2/1 2/1 22 
M Y A 2/1 
M 0/0 1/2 0/0 
M Ol 0/2 1/0 
F Ol 2 12 
M 21 Wl Wi 
F O 2/1 2/0 
F 0 2/2 Wi 
M 0 10 2i 
M 10 00 0/0 
M 1/2 2/2 Ol 
M 0/0 O/1 0/0 
M 12 2/2 1/2 
F 0O 1 1/0 
F 2/0 2/2 12 
M 0/0 2/1 2/0 
M U2 13 2/2 
M 0/0 2/2 1/2 
F 0/0 21 Ol 
M Wl 2/2 2/2 
F 1/2 0 02 
M M 2/2 2/3 
M 0/0 10 3/0 
F o2 Wi Of 
M U2 2/2 2/2 
M 21 Ii 10 
M ?/3 3⁄3 ND 
M Il 1⁄2 Qi 
M 2/2 ?2 ?2 
M 0 0/2 0/0 
M 2/2 2/2 2/0 
M 2/1 12 Ol 
M 0/0 0/0 10 
M AP A? 2? 
M 0/0 O/1 0/0 


Stenosis 


Decreased flow 


Occlusion R; 50%-75% L 
Occlusion ICA L; stenosis R 


Yes; 50%-75% L 


Yes; 50%-75% L 
Yes 


Yes 


Yes; ICA 1.4mm R 
Yes; 75%-95% L 
Yes; 75%-95% bilaterally 


Yes; 50% -75% 


Occluded system R 


Minimal flow R 


TABLE 2. SUMMARY OF STUDY GROUP 1 


No. Pts % 

Plaque severity 

Grade 0 l 1.75 

Grade 1 8 14.0 

Grade 2 40 70.1 

Grade 3 8 14.0 

Stenosis 13 22.8 
Plaque distribution 

Bifurcation 53/57 93.0 

Internal carotid artery 46/57 80.7 

Common carotid artery 45/57 78.9 


0 — none, | — minimal plaque, 2 — moderate plaque, 3 — large 
plaque. 


patients had reported symptoms compatible with, 
and on workup ascribed to, carotid vascular dis- 
ease. Summaries are presented in Case Reports. All 
patients had been treated with neck irradiation 
alone or in combination with surgery. Once alerted 
to the possibility of accelerated atherosclerosis fol- 
lowing irradiation in head and neck cancer pa- 
tients, we evaluated this hypothesis further. 


Initially, 57 patients (study group 1) who had re- 
ceived neck irradiation as part or all of their treat- 
ment were randomly selected from those seen in our 
head and neck tumor clinic. These patients were re- 
ferred to the Bowman Gray School of Medicine 
clinical ultrasound neurosonology laboratory for 
carotid artery evaluations. Real-time analysis was 
done on a Biosound Phase 2 machine. Three views 
(anterior, lateral, posterior) of each carotid artery 
were imaged. The posterior view was used to mea- 
sure plaque thickness, because it best correlates 
with the arteriographic lateral view. Plaque thick- 
ness was measured to within 0.1-mm confidence 
and recorded for the common, internal, and exter- 
nal carotid arteries, as well as the bifurcations. The 
degree of plaque deposition or formation was re- 
ported as none, minimal (1 to 2 mm), moderate (2.1 
to 4 mm), or large (>4 mm). 


The results are given in Tables 1 and 2. A marked 
preponderance of patients (48 of 57 or 84.2%) had 
moderate to severe carotid atherosclerosis. Plaque 
deposition was greatest at the bifurcation (53 of 57 
or 93.0%). The internal carotid (46 of 57 or 80.7%) 
and common carotid vessels (45 of 57 or 78.9%) of 
most patients had atherosclerotic changes as well. 
This unexpected finding was contrary to historical 
institutional data, which indicated that while the 
preponderance of atherosclerosis occurred at the 
carotid bifurcation, only rarely was it seen in the 
common and internal carotid systems.” In addi- 
tion, 13 of 57 (22.8%) patients had stenosis of at 
least 50% and/or flow reductions noted by Doppler 
measurements. These ultrasound findings sup- 
ported our original clinical observations and our 
concern that irradiation of the neck might ac- 
celerate or induce carotid artery atherosclerosis. 


Because the initial study group had not been 


224 McGuirt et al, Irradiation-Induced Atherosclerosis 


Internal 
carotid 


External 
carotid 


è a 
on a 
. 
. 
* 
z « 
. G 
a A 
. . 
. 
* 


' VMS; ‘ 1.0 cm 
A NY Q 
rcason \ y 0.5 -1.0 cm 


t 


1.0 cm 


a 
’ 
* 
a 
. 
. 
" 


Common 
carotid 


Jt} a H8 
l 

3 nA 4 

Interfaces 


Near wall (NW) 
1 Periadventitia - adventitia 
2 Adventitia - media 
3 Intima - lumen 


Far wall (FW) 
4 Lumen - intima 
5 Media - adventitia 
6 Adventitia - periadventitia 


Schematic of high-resolution B-mode ultrasonograph of 
right carotid artery with lesion in bifurcation. Near wall 
interfaces (1, 2, and 3), and far wall interfaces (4, 5, and 6) 
are identified. (Reproduced with permission from Feehs 
RS, McGuirt WF, Bond MG, Strickland HL, Craven TE, 
Hiltbrand JB. Irradiation. A significant risk factor for 
carotid atherosclerosis. Arch Otolaryngol Head Neck Surg 
1991;117:1135-7.) 


compared with nonirradiated patients, and because 
no risk factors other than irradiation had been con- 
sidered, 29 additional head and neck cancer pa- 
tients (study group 2) who received therapeutic ir- 
radiation as all or part of their therapy were ran- 
domly selected for study in the laboratory of the 
Division of Vascular Ultrasound Research. These 
patients were compared with nonirradiated head 
and neck cancer patients also randomly selected 
from the same tumor registry. These control pa- 
tients were comparable to an institutional stroke 
center data bank control population. 


All test patients had received radiotherapy at 
least 3 years before the study. Each patient under- 
went B-mode ultrasound carotid examinations using 
the Biosound 2000 Is.a. (8-MHz transducer) unit, 
which measures plaque thickness to within 0.1-mm 
confidence. Maximal intimal-medial arterial wall 
thicknesses were measured in the distal common 
carotid artery (CCA), the proximal internal carotid 
artery (ICA), and the carotid bifurcation (see Figure). 
An atherosclerotic plaque was defined as being pres- 
ent when the intimal-medial thickness was greater 
than 1.3 mm and was accompanied by nonparallel 
displacement of the interfaces used to define the in- 
tima and media. To obtain a value indicative of a 
patient’s overall carotid intimal-medial thickening, 
the means for the near and far walls were averaged 
to yield a single mean maximal score. Age, blood 
pressure, tobacco consumption, and plasma choles- 
terol were recorded and compared for the two 
groups, as were the mean intimal-medial wall 





TABLE 3. SUMMARY OF STUDY GROUP 2 
Test Control p 


Plaque a as measured by mean maximal 
intimal-medial thickness (mm) 


Mean 1.28 0.90 .003* 
SE 0.06 0.05 
Range 0.55-1.97 0.70-1.13 
Plaque incidence {% patients) 93 67 
Location of plaques 
(% patients) 0007 
Bifurcation 89 100 
Internal carotid artery 63 0 
Common carotid artery 63 0 


Risk factors other than irradiation (mean + SE) 


Age (y) 62.6411.6 58.7+413.8  .40§ 
Systolic blood pressure 
mm Hg 138.6+ 18.5 128.3420.7 .21§ 


Tobacco (pack years) 
*Student’s £ test. 
{Fisher’s exact test. 
§Analysis of covariance. 


42.9428.7 50.5432.0 .32§ 


thickness and the distribution of plaques. 


Statistical comparison between the two groups 
showed significantly more severe and more exten- 
sive atherosclerosis in the irradiated group (range, 
0.55 to 1.97 mm; mean+ SE, 1.28+0.06 mm) than 
in the control group (range, 0.70 to 1.13 mm; mean 
+SE, 0.90+0.05 mm). By Student’s t test, these 
differences were statistically significant at the p= 
.003 level (Table 3), and they remained statistically 
significant (analysis of covariance) after possible 
confounding effects such as age, blood pressure, and 
tobacco consumption had been examined (Table 3). 
No patient in either group was hypercholesterolemic. 


Intimal-medial thickening greater than 1.3 mm 
(plaque) was present in 93% of the irradiated pa- 
tients and 67% of controls. Plaques were located at 
multiple sites in 81% of irradiated patients, with 
33% of the patients having plaques in all three ar- 
terial segments. Control patients, however, had 
plaque involving only the carotid bifurcation. These 
differences in plaque distribution among arterial 
segments were significant (p = .0007, Fisher’s exact 
test; Table 3). 


Our conclusion was, as we had suspected clinical- 
ly, that irradiation contributes to the development 
of more severe and more extensive carotid artery 
atherosclerosis in head and neck tumor patients. 


CASE REPORTS 


Patient 1 was a 70-year-old man with a T2N3M0 
nasopharyngeal carcinoma. He had full-course ra- 
diotherapy to the primary lesion and both sides of 
the neck (60 Gy). Ten years later he developed epi- 
sodes of right-sided numbness or weakness and syn- 
copal attacks, and had three episodes of amaurosis 
fugax in the left ear. Carotid artery duplex ultra- 
sound revealed a left internal carotid occlusion of 
90% and a plaque with 40% occlusion of the right 
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bifurcation and ICA. He was treated medically. 


Patient 2 was a 76-year-old woman with a TZ2NOM0 
tongue base carcinoma. In 1978, she received full- 
course radiotherapy to her primary lesion (65 Gy) 
and both sides of the neck (50 Gy). A second head 
and neck primary lesion was diagnosed in May 1984. 
Carotid ultrasound was performed because of ca- 
rotid bruits heard bilaterally on physical examina- 
tion. A right-sided CCA stenosis of 50% to 70% and 
a left-sided ICA stenosis of 50% to 75% were 
reported. The patient died of her second cancer 
before the carotid problem could be addressed. 


Patient 3 was a 73-year-old man with a tongue 
base TINOMO carcinoma. He was treated with ra- 
diotherapy (60 Gy to the primary lesion and 50 Gy 
to both sides of the neck). Nine years later he devel- 
oped syncopal episodes and transient ischemic at- 
tacks. An arteriogram showed bilateral plaques 
with 50% stenosis of the left CCA. Carotid endar- 
terectomy was performed. 


Patient 4 was a 74-year-old man who presented 
with a T2NOMO0 supraglottic carcinoma of the lar- 
ynx that was treated with preoperative radiothera- 
py (45 Gy to the left side of the neck and 20 Gy to 
the right side of the neck). Eighteen years later he 
presented with a second primary lesion and a 2-year 
history of transient ischemic attacks. Carotid arte- 
riograms indicated right carotid obstruction, and 
ultrasound confirmed no flow in the right ICA and 
a 50% to 75% stenosis in the left ICA. The patient 
was treated medically. 


Patient 5 was a 68-year-old man with T3NOMO 
carcinoma of the right tonsil. He was treated with 
68 Gy to his primary lesion. Two years later he was 
admitted with second and third primary lesions. 
Seizures developed after laser resection of a post- 
pharyngeal lesion. A 95% stenosis of the right CCA 
and ICA and 75% occlusion of the left CCA and 
ICA were found on carotid ultrasound during the 
workup of his seizure. 


Patient 6 was an 87-year-old man with T2NOMO 
laryngeal cancer who was treated with 68 Gy to the 
primary lesion and 50 Gy to both sides of the neck. 
Later, a metastatic node appeared within the irra- 
diation portal and a radical neck dissection was per- 
formed. Two years after the initial irradiation 
treatment, the patient began having syncopal epi- 
sodes and was noted to have bilateral carotid bruits. 
Carotid Doppler studies revealed 40% ICA stenosis 
bilaterally with a calcified plaque being noted in 
the bifurcation. He was treated medically. 


Patient 7 was a 60-year-old man with a T2N1M0 
carcinoma of the oropharynx who received radio- 
therapy with 60 Gy to the primary lesion and 50 Gy 
to both sides of the neck. Three years posttherapy 
the patient began having episodes of dizziness and 
blurred vision. A workup revealed a 95% occlusion 


of the left CCA and bifurcation and a 75% stenosis 
of the right ICA. He was treated medically. 


Patient 8 was a 65-year-old woman who was 
treated with 53 Gy to the neck following a radical 
neck dissection for a delayed-appearing neck metas- 
tasis from a T1 mobile tongue lesion. She developed 
a second primary 7 years later, requiring a mandib- 
ulectomy. Seven and a half years following irradia- 
tion, the patient had a right temporoparietal cere- 
brovascular accident with left hemiparesis. Doppler 
ultrasound revealed a moderate plaque in the right 
ICA and a minimal plaque at the bifurcation and 
the CCA. Atherosclerosis was seen at the bifurcation. 


Patient 9 was a 59-year-old woman who had exci- 
sion of an adenoid cystic carcinoma of the floor of the 
mouth and a radical neck dissection. Postoperative- 
ly, she received 54 Gy to the primary site and 41.4 
Gy bilaterally to the neck. Thirty months later she 
complained of dizziness on turning her head. A ca- 
rotid Doppler scan revealed a moderate plaque at the 
carotid bifurcation and a severe plaque at the inter- 
nal carotid origins. Medical therapy was instituted. 


DISCUSSION 


Radiotherapy plays a prominent role in the treat- 
ment of head and neck cancer. Its use is well estab- 
lished in the curative treatment of subclinical cervical 
node metastases, in the management of small primary 
mucosal tumors, and in combination with surgery 
for the eradication of manifest cervical node metas- 
tases and many larger primary tumors.”*-*° 


Similarly well established by animal studies and 
anecdotal human observations are changes within 
the vascular system — intimal thickening, lipoid 
deposition, and adventitial fibrosis — that follow 
external irradiation to other parts of the body. All 
these changes, seen in arteriosclerosis and with the 
normal aging process, are produced or accelerated 
by irradiation.*'"** Over long periods of survival, 
low doses of radiation (25 Gy) cause these same vas- 
cular changes and cause them to the same degree as 
doses higher than 45 Gy.” Irradiation-induced cor- 
onary artery disease in nonatherosclerotic young 
women and young men following chest and medias- 
tinal irradiation has been reported%’-*'; ie, these 
changes may occur in the vessels of patients without 
preexisting atherosclerotic changes and in whom 
atherosclerosis is not normally seen. 


Although the carotid vascular system is included 
in the treatment portals for irradiation of head and 
neck cancers, previous reports of irradiation dam- 
age to these large arteries are few*?-** and are found 
predominantly in neurosurgical and vascular surgi- 
cal journals.**-*° The paucity of information on this 
subject directed toward head and neck oncologists 
has masked the magnitude of the problem and de- 
layed awareness that accelerated atherosclerosis 
from irradiation to the neck is not uncommon. Fur- 
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ther contributing factors to this low level of aware- 
ness are the high mortality from the primary disease 
or other concomitant diseases in this elderly popula- 
tion, and the fact that these complications are 
treated by neurovascular medical and surgical spe- 
cialists rather than by the head and neck oncologic 
surgery team. 


Furthermore, most head and neck cancer pa- 
tients are treated in the later decades of life and 
have been heavy smokers — both major historical 
correlates to vascular disease that may have previ- 
ously masked recognition of the atherosclerotic ef- 
fect of irradiation. The acceleration of the athero- 
sclerotic process by carotid irradiation to the point 
of vascular insufficiency and neurologic sequelae or 
even to the end result of vascular obliteration, while 
not documented sequentially by these retrospective 
and comparative studies, should be suspected from 
the data reported. The case reports given here and 
the high incidence of significant stenosis in our 
retrospective uncontrolled clinical ultrasound study 
group 1 lend support to this concept. Our 22.8% in- 
cidence of hemodynamically significant lesions is in 
keeping with that of two other retrospective studies: 
one by Scholz et al,® comprising 37 patients having 
a 19% incidence, and one by Elerding et al,*! com- 
prising 118 patients having a 25% incidence. Com- 
pared with a 2.7% incidence in 556 controls in the 
study by Scholz et al, our findings and others repre- 
sent a tenfold increase of hemodynamically signifi- 
cant lesions in the irradiated patient groups. Eler- 
ding et al noted a twofold increase in stroke in- 
cidence in comparison to their controls. 


The studies of Scholz et al and Elerding et al and 
our case studies and study group 1 correlated the 
presence of carotid stenosis and prior irradiation. 
Our study group 1 in addition indicated a distribu- 
tion and severity of carotid atherosclerosis not pre- 
viously recognized. These studies did not, though, 
evaluate the significance of irradiation as a risk 
factor in relation to other known risk factors for 
atherosclerosis. Therefore, we undertook the com- 
parative study of irradiated and nonirradiated pa- 
tients comparing other risk factors. Data from this 
second study confirmed a statistically significant 
difference in the degree and distribution of carotid 
artery atherosclerosis within the test and control 
groups. The only causative differentiating factor 
was that the test group patients had received irradi- 
ation to the neck. The other factors known to be 
associated with atherosclerosis, such as hyperten- 
sion, age, and tobacco use, were not statistically 


different between the two groups (Table 2). 


This acceleration and worsening of atherosclero- 
sis by irradiation should be a real concern, especial- 
ly when treating patients with any history or physi- 
cal findings of pretreatment diffuse arteriosclerosis. 
Awareness of this problem should dictate caution in 
incorporating neck irradiation into the treatment 
protocols of head and neck cancer patients. Both 
older patients with preexisting vascular disease and 
younger patients with longer life expectancy are at 
risk for progressive obliterative effects of radiother- 
apy. Such patients may be better served by alterna- 
tive protocols excluding irradiation if the cure rates 
are comparable. 


The above conclusion is particularly true for the 
patient with an NO neck, in whom a conservative 
neck dissection or even observation and subsequent 
neck dissection* for later-manifested disease might 
be equally effective. In patients with manifest nodal 
disease confined within the nodal capsule, a neck dis- 
section alone has proved to be sufficient therapy.*? 
Similarly, for hypopharyngeal carcinoma, combined 
therapy has been questioned as to increasing sur- 
vival beyond that of surgery alone.**** A true in- 
creased benefit must be shown before the irradia- 
tion arm of therapy is routinely added to or replaces 
surgery. 


All head and neck patients for whom irradiation 
is an option for treatment should be considered for a 
carotid ultrasound study as part of their pretreat- 
ment workup. Identification of carotid vascular dis- 
ease and the risk of exacerbating this disease by irra- 
diation must be weighed against a documented en- 
hancement of cure by the inclusion of irradiation. 
For those patients who require neck irradiation, se- 
quential carotid evaluations and a search for early 
clinical symptoms that would evoke interventional 
therapy should be performed. In non-high-risk pa- 
tients, a clinically heightened suspicion should dic- 
tate when carotid vascular studies are appropriate. 


The purpose of this communication is to alert the 
head and neck oncologist to the potentially serious 
side effect of accelerated atherosclerosis following 
irradiation in patients with head and neck cancer. 


CONCLUSION 


As suspected by clinical observations, ultrasono- 
graphic evaluation confirms that irradiation con- 
tributes to the development of severe and extensive 
carotid artery atherosclerosis in head and neck 
tumor patients. 
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CONGENITAL LACK OF OLFACTORY ABILITY 
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Twenty-two patients, all of whom reported never having been able to smell anything, were studied to determine the particular fea- 
tures that distinguish individuals with congenital anosmia. The clinical evaluation on these patients included a thorough medical and che- 
mosensory history, physical examination, nasal endoscopy, chemosensory testing, olfactory biopsies, and imaging studies. There was no 
evidence to indicate that these patients ever had a sense of smell. The results of olfactory testing suggested that these patients had an inabili- 
ty to detect both olfactory and trigeminal odorants; however, many of the patients in the group seemed to have a slight ability to perceive 
at least some component of trigeminal odorants. The olfactory epithelium, if it was present at all on biopsy, was abnormal in appearance. 


KEY WORDS — choanal atresia, congenital anosmia, diagnostic imaging, human genetics, hypogonadism, odors, olfaction, olfac- 


tory bulb, olfactory mucosa, smell. 


Among patients who complain of a poor sense of 
smell, there is a small but discrete group who say 
that they have never smelled anything. Because 
these patients have never experienced an odor sen- 
sation, they are said to have a congenital lack of ol- 
factory ability. These individuals have a difficult 
time understanding the concept of odor and have 
developed alternate mechanisms for dealing with 
food, fragrances, and volatile chemicals. 


Congenital anosmia is a poorly understood entity 
from the standpoint of categorization, heredity, or 
pathophysiology. For purposes of discussion, two 
broad categories are often considered: congenital 
anosmia that occurs in concert with other anoma- 
lies, and congenital anosmia that occurs as an iso- 
lated condition. Congenital anosmia that occurs in 
association with other anomalies has been recog- 
nized for many years. Perhaps the most notable ex- 
ample is Kallmann’s syndrome — hypogonadotropic 
hypogonadism accompanied by total anosmia. 
Congenital anosmia has also been associated with 
premature baldness and vascular headaches,‘ choa- 
nal atresia,? alopecia universalis,’ ichthyosis and 
hypogonadism,*® and congenital insensitivity to 
pain.® 


The purpose of this paper is to describe the clini- 
cal presentation of these patients, discuss how their 
chemosensory status can be evaluated, illustrate the 
histopathologic changes in their olfactory mucosa, 
and determine if the absent olfactory ability is ac- 
companied by other anomalies. Methods of man- 
agement of patients who have a congenital lack of 
olfactory ability will also be discussed, as will stra- 
tegies as to how patients might use nonolfactory 


cues to cope with this congenital defect. 


MATERIALS AND METHODS 


The material for the present report comes from 
22 patients (14 female, mean age 34 years, range 14 
to 58; 8 male, mean age 22, range 14 to 35) with a 
congenital lack of olfactory ability. These patients 
were evaluated at the Clinical Olfactory Research 
Center of the SUNY Health Science Center in Syra- 
cuse, New York, from 1984 through 1990. As de- 
scribed below, a detailed history of these patients’ 
chemosensory status was obtained. A head and neck 
physical examination was then performed, with 
special attention to the patency of the upper nasal 
cavities and character of the nasal mucosa. In 18 of 
these patients, the nasal and sinus cavities were im- 
aged by computed tomography (CT). The olfactory 
abilities were measured in 19 of the patients, and in 
5 of the patients, biopsy specimens of the olfactory 
epithelium were obtained by using the techniques 
originally described by Lovell et al.’ 


History. Since there is no known method of posi- 
tively identifying someone as having a congenital 
lack of olfactory ability (eg, with a blood test or bi- 
opsy), the diagnosis must be made from the pa- 
tient’s history and the lack of any alternative expla- 
nation for the anosmia based on the physical exami- 
nation. Because congenital anosmia is to some ex- 
tent a diagnosis of exclusion, it was essential that 
each patient’s history be explored in an orderly fash- 
ion, with a careful physical examination including 
all of the features that are discussed below. 


The diagnosis of a congenital lack of olfactory 
ability was suggested when the patient indicated 
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that he or she had never had a sense of smell.*? 
However, even with this admission, it was neces- 
sary to eliminate other causes for the olfactory defi- 
cit by asking questions about head trauma, nasal 
disease, upper respiratory tract infections, etc. Be- 
cause patients who have lost their olfactory abilities 
before the age of 6 often do not remember ever hav- 
ing had a sense of smell, they and their parents (if 
possible) were thoroughly questioned about any 
head trauma or major respiratory tract infections 
that might have occurred during early childhood. 
Since virtually everyone has upper respiratory tract 
infections as a child, and since childhood trauma is 
also a relatively common event, eliminating these as 
causative agents for the olfactory deficit was dif- 
ficult. A behavioral or eating pattern change that 
followed a head injury or respiratory infection sug- 
gested the possibility of an olfactory sense that was 
lost during early childhood, and therefore these pa- 
tients were not classified as congenitally anosmic. 
In addition, the knowledge that occipital blows are 
more likely to cause olfactory loss helped in this 
judgment. 


To evaluate for the endocrinologic problems that 
are sometimes associated with a congenital lack of 
olfactory ability (such as hypogonadotropiec hypo- 
gonadism), inquiries were made regarding sexual 
development. In both sexes, questions regarding 
adult body development, the distribution of axillary 
and pubic hair, and fertility were particularly im- 
portant. 


Between the ages of 5 and 10, many patients with 
a congenital lack of olfactory ability began to real- 
ize that friends and family members perceived some- 
thing called odors, which they could not perceive. 
Commonly cited odorants that were not perceived 
included freshly prepared popcorn or a recently dis- 
covered skunk. The patients soon learned to “play 
along,” and acted as if the odor could be recognized 
‘so that they would not be thought of as being differ- 
ent. With the maturity that accompanies the mid- 
teen years, patients usually began to discuss this 
problem with family members or close friends. In 
many instances, the nature and severity of the prob- 
lem were not appreciated or understood. Consulta- 
tion with physician(s) usually resulted in laboratory 
or imaging studies; however, abnormalities are in- 
frequently found and a satisfactory understanding 
of the reason for the poor olfactory ability was often 
not obtained. 


Patients with this congenital lack of olfactory 
ability usually discovered that they could success- 
fully function in the olfactory world by fastidiously 
cleaning themselves and their surroundings. They 
used little or no fragrance for fear of applying too 
much. Freshly opened foods were labeled and dis- 
carded after a few days to avoid the possibility of 
spoilage. It was soon learned that lumpy milk and 
green bologna resulted in gastrointestinal discom- 


fort. Many solicited the assistance of friends or fam- 
ily members in matters of smell. 


Since these patients could not detect the aroma of 
food, they often emphasized factors such as texture, 
color, and the presence of only a sweet, sour, salty, 
or bitter taste when describing what they ate. For 
example, to appreciate the crispness of the flakes, 
some patients ate cereal without milk. Similarly, 
foods with a soft texture, such as guacamole and 
tapioca pudding, were often disliked. 


Physical Examinations, Imaging Studies, and Bi- 


_ opsies. The physical examination for a patient with 


congenital anosmia is important in identifying ab- 
normalities such as nasal disease, which could 
change the patient’s diagnosis and treatment. Ac- 
cordingly, during the examination, the patency of 
the nasal airways in the region leading up to the ol- 
factory clefts was determined. Although this was 
most easily accomplished with the aid of an endo- 
scope, conditions like choanal atresia were diag- 
nosed with the aid of a CT scan. To completely 
eliminate the possibility that the olfactory deficit 
occurred as a result of nasal obstructive disease, it 
was necessary that the nasal cavity be patent the 
day the olfactory testing was performed. 


The physical examination is also important in 
identifying anomalies that are sometimes associated 
with congenital anosmia and that may need treat- 
ment. For example, it was essential to check for the 
presence of endocrinologic problems,? midline fa- 
cial defects,*° alopecia,? vascular headaches,' ich- 
thyosis,**> and congenital insensitivity to pain.® 


Chemosensory Testing. The olfactory ability was 
assessed by the patient’s performance on the Odor- 
ant Confusion Matrix (OCM)." In this test, 10 sin- 
gle chemical odorants were presented to the patient 
in random order. After smelling each odorant, the 
patient chose a word from a closed set of 10 words 
that best described the odor that was smelled. The 
block of 10 odorants, in random order, was then re- 
peated 9 more times until 10 blocks had been pre- 
sented. These 100 presentations and responses were 
then recorded in a matrix (Table 1) that showed not 
only the correct responses along the diagonal, but 
also the pattern of incorrect substitutions. Since the 
subject had 10 choices for each stimulus, the chance 
performance level for this test was 10% correct. 


From a preliminary analysis of the OCM results, 
it became apparent that the olfactory ability of the 
congenitally anosmic patients was poor at best, ap- 
proaching chance performance in many patients. 
Because of this olfactory deficit, there was at least 
the possibility that patients would respond with the 
same word to a number of different odorants. This 
response bias could confound an odor-by-odor anal- 
ysis of the OCM percent correct score. At the ex- 
trerne, consider a patient who responded with 
“rose” to each of the 100 stimuli. Since rose was cor- 


Na 
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TABLE 1. ODORANT CONFUSION MATRIX SHOWING NUMBER OF RESPONSES 


Ammonia Cinnamon Licorice Mint 
Ammonia 1 1 1 _ 
Cinnamon — 1 — 1 
Licorice — l — l 
Mint — — 1 2 
Mothballs 1 — i 3 
Orange — — —— 
Rose — ] 1 
Rubbing alcohol — — l 2 
Vanilla — ] 1 oe 
Vinegar ö — — = 
Column totals T 6 6 10 


Rubbin 
Mothballs Orange Rose Alcohol Vanilla Vinegar 
2 1 Í a 2 
2 — — 5 a 
— 1 1 5 one 
l 1l — 5 — 
== = 1 3 See 
— 1 l 3 1 
— 2 1 5 a 
s PES = 3 4 a 
l _ 2 5 — 
— — — 1 — 4 
i 5 6 1] 35 7 


This matrix shows olfactory test results on one congenitally anosmic patient. Odorant stimuli are listed along left side, and patient’s responses are in col- 
umns under appropriate odorant name. For 10 vinegar trials, this patient responded with name “ammonia” 5 times, “rubbing alcohol” once, and “vine- 
gar” 4 times. Since this patient correctly identified vinegar 4 out of 10 times, odorant confusion matrix score for vinegar was 40% correct. Diagonal from 
upper left to lower right contains number of correct responses for each stimulus. Diagonal total for all 10 odorants was 19; thus, for 100 presented odor- 
ants, this patient scored 19% correct. Column totals represent number of times patient chose each odorant name. Notice large number of times (35) pa- 


tient responded with word “vanilla.” 


rectly identified all 10 times it was presented, the 
percent correct for rose would be 100%. On the 
other hand, the percent correct for the other 9 odor- 
ants on the OCM would be zero. Clearly, in this ex- 
ample the percent correct for rose is inflated by the 
response bias of the patient. Although this is an ex- 
treme example, one of the congenitally anosmic pa- 
tients described in the present study responded with 
the name “vanilla” 80 of 100 times, and another re- 
sponded with the name “mint” 78 times. 


To compensate for the possibility of a response 
bias, a ratio of the number of correct responses to 
the number of times chosen was calculated for each 
odorant. An analysis of variance for both percent 
correct and the above-noted ratio was calculated to 
determine if different odorants affected the percent 
correct on the OCM or the ratio differently. Be- 
cause it is a routine part of the chemosensory evalu- 
ation, an assessment of gustatory ability was also 
performed. *? 


RESULTS 


History. Six of the 22 patients related instances in 
which they had had difficulty in the early detection 
of the smoke from a fire. All these patients denied 
ever having had a sense of smell, and the concept of 
an odor was difficult for them to understand. None 
of these patients had a history that suggested that 
the olfactory deficit could have occurred as a result 
of an upper respiratory tract infection, nasal dis- 
ease, toxic exposure, aging, or head trauma. Eight 
of the patients in the group reported a family his- 
tory of a similar congenital olfactory problem ‘in 
grandparents, parents, siblings, or offspring chil- 
dren (Fig 1). 


A 27-year-old man in this group was diagnosed as 
having Kallmann’s syndrome (hypogonadotropic 
hypogonadism) and a 24-year-old woman had re- 
productive and growth disturbances. None of the 
other patients had a history of endocrinologic prob- 


lems; all had gone through puberty and showed signs 
of adult development (males with facial hair and/or 
male pattern baldness; females with regular men- 
struation and many with children). 


Physical Examination, Imaging Studies, and Bi- 
opsies. The physical examination findings for the 
patients without associated anomalies were general- 
ly normal. The CT scans were reviewed for bony 
and mucosal abnormalities in the upper nasal and 
sinus cavities. Two of the 18 patients had unilateral 
choanal narrowing, 1 with a mild stenosis and I 
with an atresia. The olfactory clefts in these 2 pa- 
tients appeared to be normal. Six patients had a mi- 
nor degree of mucosal thickening in the paranasal 
sinuses, but the airways were patent. The CT scans 
of the remaining 10 patients were read as normal. 
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Fig l. Pedigrees from patients who had congenital anos- 
mia. Although only some of congenitally anosmic relatives 
received olfactory testing, all were said to have never had 
sense of smell, Dark symbols — congenitally anosmic indi- 
viduals, squares — males, circles —- females, diamonds — 
known offspring of unknown gender, question marks — 
unknown offspring, arrows — patients in present study. 
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The olfactory region of the nasal septum was sub- 
mitted to biopsy in five patients (four sites in each 
patient). The results of these biopsies are best ap- 
preciated within the framework of the physiology 
and histology of the normal olfactory epithelium. It 
has been suggested that mammalian olfactory neu- 
rons have a life span of between 30 and 90 days.** At 
the beginning of its life cycle, a potential olfactory 
neuron will develop from an undifferentiated basal 
cell located deep in the olfactory epithelium. This 
emerging neuron will then send axons along the ol- 
factory nerve toward the olfactory bulb. Once con- 
nections with the bulb have been made, the neuron 
will be able to function as a mature olfactory recep- 
tor. At the end of its life cycle, this cell will begin to 
degenerate and the connections with the olfactory 
bulb will be broken. The process of developing an- 
other olfactory receptor will then begin. If the neu- 
ron fails to make synaptic connections with the ol- 
factory bulb, it will die before reaching the normal 
limit of its life span." 


Fig 2. Olfactory mucosa, including both 
epithelium and lamina propria, har- 
vested from 42-year-old woman with iso- 
lated congenital anosmia. A) Light mi- 
crograph illustrating presence of support- 
ing cells and basal cells; there is no evi- 
dence of neurons in this particular field, 
although immature neurons were ob- 
served in other areas of biopsy specimen 
(original x720), Arrow — small fascicle 
of olfactory nerve containing swollen ax- 
ons (comparable to area in Fig 3A), dou- 
ble arrowheads — swollen axons loose in 
lamina propria (comparable to area in 
Fig 3B). B) Electron micrograph of api- 
cal surface of epithelium showing typical 
microvillar-capped supporting cells and 
absence of olfactory knobs in this field 
(original x7,000). 






Biopsies of the olfactory area usually show the 
presence of several different types of cells, including 
basal cells, supporting cells, and olfactory neurons 
at various stages of maturity. In the lamina propria, 
most of the axons seen are ensheathed by Schwann 
cells into fascicles, with each fascicle containing 
many axons. The mature axons are normally small, 
unmyelinated fibers that are fairly uniform in di- 
ameter. '5 


In three of the patients, no olfactory epithelium 
was found; instead, normal-appearing respiratory 
epithelium was identified. This result is consistent 
with the results of Jafek et al,* who recently found 
only respiratory epithelium in seven congenitally 
anosmic patients. In two of our patients — one the 
27-year-old man with Kallmann’s syndrome and 
the other a 42-year-old woman with isolated con- 
genital anosmia — olfactory epithelium could be 
identified, but was highly abnormal in appearance. 
In both cases, the histopathology of the olfactory 
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Fig 3. Same area of olfactory mucosa as 
shown in Fig 2. A) Electron micrograph 
illustrating fascicle of olfactory axons 
partitioned by tongues of Schwann cell 
cytoplasm (original x10,500). Vast ma- 
jority of axons are swollen and their sur- 
face membranes are fragmented. How- 
ever, some normal-appearing olfactory 
axons are seen (arrowheads). B) Electron 
micrograph of lamina propria illustrating 
disorganized knot of olfactory axons loose 
in connective tissue (original x15,500). 
Many axons are very swollen and frag- 
mented, but some look normal (arrow- 
heads) and others are intermediate in ap- 
pearance. 


epithelium was similar: supporting cells capped 
with microvilli and basal cells were present. Occa- 
sionally, immature olfactory neurons, identified by 
the absence of cilia on the olfactory knob, were also 
observed. However, there were no mature olfactory 
sensory neurons in these patches of epithelium (Fig 
2). In the lamina propria deep to the epithelium, 
axons were abundant. They were found ensheathed 
by Schwann cells into fascicles, each fascicle con- 
taining many axons (Fig 3A). Other axons were 
found loose in the surrounding connective tissue or 
in dense neuromalike knots (Fig 3B). Most of these 
axons, irrespective of location, were swollen or 
broken open — an appearance that is indicative of 
axonal degeneration. Since some axons that were 
smaller and more normal in appearance were inter- 
mingled with the swollen atypical axons, it is un- 
likely that the observed axonal abnormalities are ar- 
tifactual. On the basis of their abundance, their lo- 
cation throughout the lamina propria, and the na- 





ture of their ensheathment by Schwann cells, these 
axons are likely to be olfactory. 


Chemosensory Testing. The overall percent cor- 
rect of the 19 patients on whom olfactory testing 
was completed was 13%. (Chance performance for 
the OCM is 10% .) This score is also the lowest aver- 
age percent correct of all the etiologic groups classi- 
fied at the Olfactory Referral Center at Syracuse, 
eg, nasal disease, head trauma, upper respiratory 
tract infection, aging, etc.'* An analysis of variance 
of the percent correct responses and the ratio of the 
number of times correct to the number of times 
chosen revealed no statistically significant differ- 
ence across the 10 odorants. The mean percent cor- 
rect and the mean ratio are shown by odorant in 
Table 2. 


DISCUSSION 
In the present study, 1 of the male patients had 
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TABLE 2. ANALYSIS OF OLFACTORY TEST RESULTS 
(AVERAGE OF ALL PATIENTS) 


No. Correct/ 


% Correct No. Times Chosen* 
Ammonia 17.8 0.23 
Cinnamon 11.0 0.12 
Licorice 13.7 0.15 
Mint 13.7 0.10 
Mothballs 6.8 0.16 
Orange 12.6 0.18 
Rose 17.9 0.16 
Rubbing alcohol 5.4 0.06 
Vanilla 13.6 0.10 
Vinegar 16.5 0.23 


*To compensate for possibility of response bias. 


Kallmann’s syndrome, and 1 of the female patients 


had other endocrinologic defects. Additionally, 2. 


other patients had anatomic narrowing of the nasal 
choanae. Thus, of the 22 patients in the congenital- 
ly anosmic group, 18 (82%) were found to have 
none of the associated defects listed above. Like- 
wise, Jafek et al® found that 6 of 7 (86%) of their 
patients had no defects associated with congenital 
anosmia. From both these studies it appears that 
congenital anosmia usually occurs without associ- 
ated anomalies. 


Recurring familial tendencies have been noted 
for congenital anosmia. 8-1 Lygonis‘” reported a 
dominant inheritance pattern that affected females 
approximately twice as often as males (19 females 
and 9 males in a family of 52 members over four 
generations). Likewise, Singh et al’ reported a dom- 
inant inheritance pattern in an association of con- 
genital anosmia, premature baldness, and vascular 
headaches. A review of the pedigrees of the patients 
included in the present study showed similarities to 
the inheritance patterns observed by both Lygonis 
and Singh et al. The inheritance patterns in the 
present study were autosomal, and because of diffi- 
culties in the identification and reporting of con- 
genital anosmia in other family members, likely 
dominant. Moreover, we observed a female pre- 
dominance of approximately 2 to 1. 


Little is known of the pathophysiologic basis for 
congenital anosmia with or without associated 
anomalies. In Kallmann’s syndrome, the olfactory 
bulbs are reportedly absent.” Similarly, midline fa- 
cial defects can be associated with congenital anos- 
mia and absence of the olfactory bulbs. *° The pres- 
ence of olfactory epithelium in our patient with 
Kallmann’s syndrome is an indication, therefore, 
that absence of the olfactory bulbs is not necessarily 
associated with the failure of formation of the olfac- 
tory epithelium. Indeed, our observations of imma- 
ture olfactory neurons in association with dilated, 
degenerating olfactory axons indicate that olfactory 
neurons are present in the mucosal lining and still 
send out axons in an attempt to contact the bulb. 
These degenerative changes in the olfactory axons 


are reminiscent of alterations observed in anosmia 
following head trauma”! (also J. E. Schwob, unpub- 
lished observations, 1990) and in experimental ani- 
mals following removal of the olfactory bulbs." 


Olfactory epithelium was also identified by biop- 
sy in-one of our patients who was judged to have 
congenital anosmia without associated anomalies. 
Similarly, Douek et al? reported that olfactory 
epithelium was harvested from a patient with iso- 
lated congenital anosmia. In both cases, axonal ab- 
normalities and the absence of mature olfactory 
neurons were observed. Considering the histopatho- 
logic findings in these cases, we think that perhaps 
in at least some patients with congenital anosmia, 
the olfactory deficit may be due to a failure of the 
olfactory neurons to contact an existing olfactory 
bulb. As another possibility, the olfactory bulbs in 
these patients may be absent, representing an iso- 
lated developmental abnormality. In either case, 
the abnormalities observed in the olfactory epitheli- 
um would reflect the inability of olfactory neurons 
to contact the bulb and the enhanced neuronal 
turnover that would occur as a consequence.“ 


Klingmuller et al” recently developed magnetic 
resonance techniques to image the olfactory sulcus. 
It will be interesting to use these techniques to de- 
termine which congenitally anosmic patients lack 
normal olfactory sulci. 


Thirteen percent was the mean overall percent 
correct of the 19 congenitally anosmie patients on 
whom olfactory testing was completed. The 95% 
confidence interval for this mean is 10 to 16, sug- 
gesting that 13% is not significantly different from 
the 10% chance level. This observation is consistent 
with the results of both Jafek et alë and Davidson et 
al,” who report that congenitally anosmic patients 
test only slightly above the chance level on other 
standard olfactory tests. 


An analysis of variance of the percent correct and 
the ratio of the number of times correct to the num- 
ber of times an item was chosen revealed no statisti- 
cally significant difference across the 10 odorants 
(p> .05). Given the nature of the odorants in the 
OCM, this result is somewhat surprising. The 10 
odorants of the OCM include some odorants that 
stimulate mostly the trigeminal nerve (ammonia 
and vinegar) and others that stimulate mostly the 
olfactory nerve (rose and vanilla), The other 6 odors 
in the test are mixed stimulators, affecting both the 
trigeminal and olfactory nerves. Since no statistical- 
ly significant difference was found in the identifi- 
ability of the 10 odorants on the OCM, the results of 
the present study suggest that congenitally anosmic 
patients can detect neither olfactory nor trigeminal 
chemosensory signals. 


However, some caution must be exercised in sug- 
gesting this conclusion. It should be recalled that 
the OCM is an identification test. It is possible that 
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at least some of the chemosensory signals are being 
detected, but the patients cannot make the proper 
identification. That is, patients might know that 
something is there but not be able to give the stimu- 
lus the correct name. 


Although not statistically significant, an analysis 
by odorant of the ratio of the number correct to the 
number of times an odorant was chosen suggests the 
possibility of at least some trigeminal function in 
many of the patients. As can be seen in Table 1, am- 
monia and vinegar (the two strongest trigeminal 
stimulators) had the highest ratio. In other words, 
when subjects indicated either ammonia or vinegar, 
they were more likely to be correct. It may be that 
these patients felt “something” from the stimulation 
of the trigeminal nerve, and so limited their re- 
sponses to either ammonia or vinegar. This narrow- 
ing of choices might then have resulted in a greater 
likelihood of correct identification of the odorants. 


However, for several of the patients in this study 
there is no evidence of either trigeminal or olfactory 
function. Perhaps, as Jafek et alë suggest, the prob- 
lem with some congenital anosmics may be central. 
Thus, no airborne stimuli are likely to be detected. 


Results of tests of gustatory function in the pres- 
ent study were all normal — an observation that is 
consistent with the experience of Jafek et al.* The 
presence of functional taste buds should be pointed 
out to the patient as a positive factor for improving 
his or her eating experience. 


Imaging studies using CT scanning were useful in 
separating patients who had obstructive nasal in- 
flammatory disease from those with congenital ol- 
factory deficits. As noted above, several of the pa- 
tients with congenital deficits did have some thick- 
ening of the membranes of the nasal cavity and si- 
nuses. However, in all cases, the passageway to the 
olfactory receptors in the olfactory cleft was patent. 


As Jafek et al? suggest, another aid to the diagno- 
sis of congenital anosmia is a trial of oral steroid 


medication. If the olfactory ability improves with 
this challenge, then the patient cannot be classified 
as having congenital anosmia. 


Once the diagnosis of a congenital lack of olfac- 
tory ability is made, decisions regarding manage- 
ment are unfortunately limited. For virtually every 
congenital anosmic, there is no known method for 
restoring olfactory ability. For this reason, these pa- 
tients should be counseled so that they do not waste 
effort and expense trying to establish a sense of 
smell. In addition, caution must be observed re- 
garding fires and dangerous fumes, and multiple 
smoke and explosive gas detectors in the home are a 
worthwhile investment. 


Fortunately, congenitally anosmic patients gen- 
erally do not consume sweet and salty foods in an 
unhealthy manner — an eating pattern that is 
sometimes seen in patients who have lost a previous- 
ly intact sense of smell. It should also be noted that 
in general, patients in the congenital group are not 
unhappy, since they never experienced a sense of 
smell and therefore do not realize what they are 
missing. 


CONCLUSION 


A detailed history, physical examination, chemo- 
sensory evaluation, olfactory biopsies, and imaging 
studies were conducted on patients with a congeni- 
tal lack of olfactory ability. These patients reported 
never having smelled anything, and the concept of 
odor was difficult for them to understand. Although 
the physical examination findings were generally 
normal, in a few patients the anosmia was accom- 
panied by other anomalies, including endocrine 
and nasal anatomic abnormalities. Results from the 
OCM suggest a generalized inability to detect air- 
borne odorants, including both trigeminal and ol- 
factory nerve stimulators. However, in many pa- 
tients there was at least a suggestion of some trigem- 


‘inal function. Biopsy showed the presence of olfac- 


tory epithelium in some of the patients, but it was 
abnormal in appearance. 
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ROLE OF INJECTABLE COLLAGEN IN THE TREATMENT OF 
GLOTTIC INSUFFICIENCY: A STUDY OF 119 PATIENTS 


CHARLES N. FORD, MD 


DIANE M. BLESS, PHD JEAN M. LOFTUS, MD 


MADISON, WISCONSIN 


Injectable bovine collagen has been used for treatment of glottic insufficiency at the University of Wisconsin Clinical Science Center 
since 1983. This report reviews our experience in treating 119 patients with a variety of vocal fold disorders manifested by glottic insuffi- 
ciency. Many of the patients were referred because of prior treatment failures or problems that were impossible to treat with other modali- 
ties. Results were assessed by comprehensive voice evaluations using subjective patient self-assessments, perceptual judgments made by a 
panel of experts who had no prior knowledge of the study, objective assessments, and videostroboscopy. Objective assessment included vo- 
cal function measures and acoustic analysis. Results indicate that collagen not only is comparable to other injection filler substances but 
also has unique advantages as a bioimplant. Collagen injection seems uniquely suited for treatment of several problems, including vocal 
fold atrophy, focal defects, minimal glottic insufficiency, and scarred vocal folds that are not managed optimally with Teflon injection. 
Overall there were no serious complications and treatment was effective for a broad spectrum of problems. In most instances the correction 
persisted, and in those instances in which injected collagen seemed improperly distributed, the vocal fold was recontoured or the implant 
removed without appreciable damage to the surrounding tissues. Injectable collagen has been extensively studied and deserves to be in- 


cluded in the armamentarium of the laryngeal surgeon. 
KEY WORDS — collagen, larynx, vocal fold, voice. 


INTRODUCTION 


The search for an ideal substance for vocal fold 
augmentation led Arnold’ to use Teflon (Polytef 
Paste), which has become the workhorse method for 
treating glottic insufficiency. Although Teflon in- 
jection has offered tremendous improvement, this 
alloplastic preparation induces a definite foreign 
body reaction and focal fibrosis.” Concerns about 
complications such as granuloma formation,*’ air- 
way obstruction,®** potentially irreversible damage 
to vocal fold vibratory structure by foreign body 
reaction and fibrosis,’° and the possibility of im- 
plant extrusion or migration’? have motivated 
clinicians to look for alternative forms of treatment. 
Such alternatives have been advocated to enhance 
voice results and provide greater flexibility without 
permanently altering vocal fold tissues. **-** 


Collagen injection differs from other vocal fold 
medialization approaches in that it is a biological 
implant, providing more than medial displacement 
of the vocal fold. The collagen implant consists of 
bovine collagen modified by solubilization and cross- 
linking to reduce cellular and humoral host immune 
response, but it is histologically similar to the deep 
lamina propria tissues in the vocal fold. Host toler- 
ance of injected collagen is characterized by gradu- 
al assimilation starting with ingrowth of vessels and 
progressive invasion of fibroblasts into the im- 
planted collagen. The events following collagen in- 
jection that affect vocal fold function specifically 


include the gradual variable resorption of injected 
collagen, the replacement of some resorbed implant 
by deposition of new host collagen from metaboli- 
cally active invading host fibroblasts, and the soft- 
ening of existing scar tissue, probably due to fibro- 
blastic production of collagenase. 


The physiologic limitations of alloplastic aug- 
mentation and the theoretic advantages of bioim- 
plantable materials have led to experimentation 
with collagen injection of the vocal fold. Injected 
soluble bovine collagen has been used successfully to 
augment dermal defects and to soften depressed 
scars. We reasoned that this collagen implant might 
be well tolerated in the collagen-containing layers 
of the vocal fold and might be useful in treating 
scarred larynges. 


PREVIOUS WORK 


These observations prompted us to compare col- 
lagen injection to Teflon injection in dog larynges*® 
and to look at the long-term histologic fate of dif- 
ferent forms of collagen injected into the canine 
vocal fold.” We found that collagen could be in- 
jected precisely through a 26-gauge needle into the 
deep lamina propria of the vocal fold — a site nor- 
mally composed of dense collagen. The implant was 
remarkably well tolerated, with no evidence of for- 
eign body or inflammatory reaction; over time 
there was some peripheral neovascularization and 
ingrowth of fibroblasts with deposition of scattered 
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foci of new host collagen within the implant matrix, 
replacing some of the assimilated implant. Persis- 
tence of the implant was noted at intervals up to 1 
year. Similar results were obtained subsequently by 
Okamoto. '® 


We also looked at the effect of superficially in- 
jected collagen on vocal fold vibration in the excised 
larynx and noted that simulated deficiencies could 
be corrected, with correction resulting in normal 
passive activation of vibratory activity in response 
to a steady controlled subglottic air pressure.’® Re- 
cent in vivo canine studies have demonstrated im- 
provement in many vocal function parameters fol- 
lowing injection for simulated vocal fold paralysis.?° 


In 1985 the authors”! presented the first clinical 
trials of Zyderm Collagen Implant (Collagen Corp, 
Palo Alto, Calif) to correct glottic insufficiency in 
27 patients. Objective voice analysis demonstrated 
efficacy, and none of these patients suffered com- 
plications. Questions were raised regarding long- 
term persistence of the implant and the possibility 
of hypersensitivity reactions.” A subsequent report 
with 2-year follow-up data indicated that in most 
patients, correction evident at 1 to 3 months per- 
sisted and results stabilized.” In this group of 44 pa- 
tients, there was 1 with a delayed hypersensitivity 
reaction manifested by development of slight red- 
ness at the vocal fold and skin test site at 5 weeks. 
Since 1986 all patients have been injected with 
cross-linked collagen preparations (generic glutar- 
aldehyde cross-linked [GAX] collagen, also mar- 
keted as Zyplast and Phonagel), which are less an- 
tigenic, diffuse easily, and undergo less initial 
shrinkage after injection. 


Failure to gain Food and Drug Administration 
(FDA) approval limited clinical trials in this coun- 
try, but others?*-?° have reported successful results 
with soluble collagen injections for glottic insuffi- 
ciency. Most of these investigators made the injec- 
tions in the superficial mucosal layers of the vocal 
fold, since it was demonstrated that collagen in- 
jected deep in vocalis muscle was rapidly resorbed.” 
The issue of resorption was addressed in two post- 
mortem studies. Remacle and Marbaix” reported 
on the persistence of injected collagen in postmor- 
tem human larynges up to 5 months postinjection, 
and Ford et al” noted persistence in one patient af- 
ter 1 year. 


It was apparent from these initial studies that col- 
lagen injection was a successful treatment for a 
variety of pathologic disorders manifested by glottic 
insufficiency. The limitations of Teflon injection 
did not seem to apply to collagen, especially in the 
treatment of the scarred vocal fold, focal defects, 
atrophy, and limited glottic insufficiency problems. 
Efficacy was demonstrated in independent studies 
of patients with age-related changes in the vocal 


folds (presbylaryngis)*? and in those with scarred 
larynges.* 


PURPOSE OF STUDY 


In an attempt to further explore the potentials of 
a biologic implant, we initiated a study (suppported 
by the Orphaned Products Division of the FDA) to 
treat glottic insufficiency in patients who were not 
optimal candidates for Teflon injection, and we 
reviewed the entire group of collagen-injected pa- 
tients treated at the University of Wisconsin Clin- 
ical Science Center. Demonstration of efficacy in 
that select group of patients seemed a sufficiently 
important endeavor that no attempt was made to 
compare efficacy of collagen with other modes of 
treatment. 


MATERIALS AND METHODS 


Collagen injection of the vocal fold has been per- 
formed at the University of Wisconsin for manage- 
ment of glottic insufficiency since 1983. Goals in- 
cluded improving glottic closure, vocal quality, 
ease of phonation, and associated laryngeal func- 
tions in patients with a variety of vocal fold disor- 
ders. The experimental protocol was initiated in 
166 patients, of whom 26 were lost to follow-up, 5 
were treated too recently to include, and 2 had non- 
voice problems. Fourteen patients were not treated: 
4 had positive skin tests, 4 declined in favor of alter- 
native forms of treatment, 3 had marginal airways, 
and 3 improved with voice therapy. 


PATIENTS 


The 119 patients reported in this study represent 
these individuals who were treated and who com- 
plied with our protocol for follow-up voice assess- 
ment data collection. The pretreatment age range 
was 17 to 87 years, with a mean of 56 years, and the 
male to female ratio was approximately 3:2. Nearly 
half of the patients treated had scarred larynges, 
often secondary to laryngeal cancer surgery — a 
fact reflected in the male preponderance, for laryn- 
geal cancer remains a predominantly male disease. 
Patients had experienced voice problems for an av- 
erage of 6.1 (0.08 to 33.9) years before treatment 
and 30% had undergone voice therapy prior to col- 
lagen injection. Some patients underwent more 
than one injection over a period of months or years. 
The average length of follow-up was 16.4 (1 to 67) 
months. 


Potential patients were evaluated by a speech pa- 
thologist and the senior author (C.N.F.) to deter- 
mine their suitability for treatment. In each case 
both the protocol and available alternatives to 
management were described. Those who seriously 
considered collagen injection were skin-tested with 
Zyderm, which is generically similar to GAX col- 
lagen but exhibits greater antigenicity. If the skin 
test remained negative for 6 weeks, injection was 
offered. Two patients were injected before 6 weeks 
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because of severe aspiration problems. 


Each patient was assigned to one of three vocal 
fold disorder groups on the basis of those histo- 
pathologic findings that seem to affect function and 
outcome. 


Scarred Vocal Fold. The scarred vocal fold group 
were patients who had evidence of vocal fold scar- 
ring manifested by stiffness or decreased mucosal 
wave on videostroboscopy. Such patients typically 
had the most impaired vocal fold vibration, often 
secondary to surgery such as cordectomy, vocal fold 
stripping, Teflon injection/or removal, and hemi- 
laryngectomy. Other patients had undergone radio- 
therapy or prolonged endotracheal intubation. 


Bilateral Disorder. The bilateral vocal fold disor- 
der group comprised patients who had had some 
form of bilateral disorder without scar formation. 
These patients exhibited a variety of diagnoses, in- 
cluding neurologic disorders such as presbylaryngis, 
Parkinson’s disease, and abductor spasmodic dys- 
phonia with bowed vocal folds. Some of these pa- 
tients showed atrophic changes -associated with 
presbylaryngis as well as bilateral paresis. Bilateral 
paresis was also attributable to head injuries, respi- 
ratory infections, and idiopathic neuropathies. 


Unilateral Disorder. The unilateral vocal fold 
disorder group was made up of patients who had es- 
sentially unilateral disorders without evidence of 
scar formation or contralateral vocal fold disorders. 
Some had iatrogenic injuries involving the recur- 
rent and/or superior laryngeal nerves. Other pa- 
tients were paretic or paralyzed as a result of cere- 
bral vascular accident or prolonged intubation, and 
some cases were idiopathic. 


Patients with mixed disorders were assigned to 
that group typically associated with their greatest 
impairment of vocal fold function according to the 
following hierarchy: scarred vocal fold > bilateral 
disorder > unilateral disorder. The FDA Orphaned 
Product study was limited to the most severely im- 
paired larynges; these patients had mainly scarred 
vocal folds or bilateral disorders. 


COLLAGEN 


The material injected during the initial phase of 
this study consisted of Zyderm Collagen Implant, a 
soluble bovine collagen. Since 1986 we have used 
GAX collagen, an injectable glutaraldehyde cross- 
linked (0.0075 %) fibrillar collagen (Zyplast, Pho- 
nagel). It is essentially type I collagen with a residue 
of 1% to 5% type III collagen, prepared by selec- 
tive hydrolysis of the nonhelical amino-terminal 
and carboxy-terminal segments (telopeptides) of the 
collagen molecule. Antigenicity is reduced by telo- 
peptide cleavage and further reduced during the 
cross-linking process. GAX collagen remains the 
preferred material for vocal fold injection because it 
persists with minimal shrinkage and has reduced 


antigenicity compared to other forms of injectable 
collagen.* 


PROCEDURE 


Most of the injections were made by using in- 
direct laryngoscopy and topical anesthesia, but 
several patients, particularly in the scarred vocal 
fold group, required direct microlaryngoscopy for 
proper placement. The material was injected via a 
device designed by the senior author” through the 
superior surface of the vocal fold into the in- 
termediate and deep lamina propria.?!?? The 
26-gauge needle allowed for precise visual and tac- 
tile placement at the plane of the vocal ligament; 
slight resistance is encountered as the needle is ad- 
vanced from the superior surface further into the 
vocal fold tissue.” In heavily scarred larynges, an 
effort was made to get as much collagen injected in- 
to the scar as possible with the initial penetration; 
often this practice resulted in collagen’s being 
dispersed in deeper or more superficial levels than 
would have been ideal. Subsequent injections were 
generally easier and more precisely placed. All in- 
jections were made on a distinctly more superficial 
plane than is typical with Teflon, silicone, Gel- 
foam, or fat. The superficial placement facilitates 
filling in focal defects without distorting the entire 
vocal fold, prevents rapid resorption, and allows 
the implant to be injected at a site in which collagen 
is normally found. 


In some of the more complex cases, collagen in- 
jection was used to enhance or correct changes in- 
duced by other forms of therapy. For example, pa- 
tients with fibrotic convex vocal folds secondary to 
Teflon granulomas were managed by endoscopic 
removal of Teflon; in those instances in which the 
medial edge remained irregular, the vocal fold was 
remodeled with precise injections of collagen. Four 
patients had sulcus vocalis deformities treated by 
cordotomy, lysis of the adhesions, and later colla- 
gen injection to contour and soften the vocal fold 
tissues. Several patients were referred because 
failed attempts at glottic reconstruction following 
various conservation laryngectomy procedures left 
them with stiff, scarred larynges incapable of useful 
phonation. One patient had bilateral vocal fold pa- 
ralysis and a marginal airway unsafe for any vocal 
fold augmentation; after successful neuromuscular 
pedicle transfer to the posterior cricoarytenoid mus- 
cle, a small amount of collagen was injected unilat- 
erally in the membranous vocal fold with percepti- 
ble improvement in voice and no change in exercise 
tolerance. Some patients with scarred larynges had 
large glottic gaps that were initially addressed with 
thyroplasty surgery, and the scarred vocal fold was 
treated with collagen injection to soften and restore 
the contour of the vocal fold. 


Postoperatively, patients were observed for air- 
way problems and kept on relative voice rest over- 
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night — talking only when necessary and avoiding 
extremes in pitch and loudness. Patients returned 
for full assessment at 1-, 3-, and 6-month and 1-year 
intervals. Subsequent data were collected on a year- 
ly basis. 


ASSESSMENT METHODS 


Four general categories of voice assessment were 
used to measure treatment success: 1) subjective pa- 
tient self-assessment of voice quality and effort of 
phonation, 2) perceptual judgments of voice record- 
ings by an impartial panel of experts, 3) laboratory 
data based on acoustic signal analysis and aerody- 
namic measures during voice production, and 4) 
studies of the appearance of vocal fold vibration by 
videostroboscopy. 


Subjective patient self-assessment ratings were 
included as part of this comprehensive voice evalua- 
tion. After treatment, patients were grouped on the 
basis of their own ratings of their vocal quality and 
the effort required to produce phonation: 1) voice 
not improved, 2) voice improved and sustained im- 
provement, 3) transient improvement, and 4) voice 
worse. Some patients in group 2 (bilateral disor- 
ders) noted a very slight decrement in vocal func- 
tion over time but were convinced that the voice 
was substantially improved over the pretreatment 
status. For patients who had multiple injections, 
the subjective category was based on comparing the 
most recent evaluation to that immediately before 
the last injection. 


Audiotape recordings were made in a sound- 
controlled booth with a Nagra tape recorder, as 
previously described.” The test sample recorded in- 
cluded sustained vowels /a/ and /i/ produced at nor- 
mal pitch and loudness and the sentence “The blue 
spot is on the key” produced at conversational level. 
These samples were used for both the acoustic and 
perceptual analyses. 


Perceptual judgments were made from the audio 
recordings of sustained vowels and the standard 
sentence. Pretreatment and the most recent post- 
treatment recordings were randomized and paired 
on a master tape. Three experienced speech pathol- 
ogists were asked to make paired comparison judg- 
ments to determine which sample, if either, 
sounded better; they also indicated when there was 
no appreciable difference. To determine reliability 
of judgments, 10% of the samples were repeated 
and 10% of the samples were foils consisting of two 
identical samples. Foils were used to determine va- 
lidity of the perceptual ratings. The judges were 
100% correct in judging these voices to be the same. 


Acoustic analysis of voice production permits 
quantitative analysis of the multidimensional physi- 
cal characteristics of the voice signal and inference 
about the underlying physiologic mechanism. Sam- 
ples were digitized on an IBM-PC computer with a 


TABLE 1. SUBJECTIVE PATIENT SELF-ASSESSMENT 
REGARDING VOICE QUALITY AND EFFORT 


Sustained Transient No 
Improve- Improve- Improve- 


Disorder N -~ ment ment ment Worse 
Scarred vocal 

fold 55 39 4 12 0 
Bilateral 

disorder 25 23 1 1 0 
Unilateral 

disorder 39 39 0 0 0 


Data are numbers of patients. 


locally developed software program (C-Speech). 
Jitter, shimmer, and signal to noise ratio (SNR) 
were derived by using the least mean square fit of a 
waveform model to the speech waveform. 


Vocal function measures were recorded by means 
of a face mask attached to the Nagashima PS-77 
Phonatory Function Analyzer to obtain maximal in- 
tensity (decibels) and mean airflow (milliters per 
second). Transglottic airflow was assessed during 
production of /a/ and /i/ during a variety of phona- 
tory tasks. High airflows were considered an indica- 
tor of poor laryngeal closure, as might occur in glot- 
tic insufficiency. Low airflows generally signified a 
competent glottis, but were noted to occur also with 
hyperfunction of laryngeal structures (a common 
compensatory activity), obstruction, low patient ef- 
fort, or poor respiratory support. 


Vocal fold vibration was observed with a Bruel & 
Kjaer laryngeal videostroboscope coupled to a rigid 
90°-angled Wolfe endoscope and videorecorder. 
Recordings were used to assess ongoing treatment 
and to study individual cases over time. Recordings 
were rated in 15 consecutive cases by trained 
observers who made qualitative judgments of vocal 
fold vibration and supraventricular hyperfunction. 
Parameters observed were symmetry, periodicity, 
glottic closure, vibration amplitude, mucosal wave, 
and supraventricular hyperfunction; preoperative 
and postoperative samples were compared for each 
patient. 


In cases for which preinjection data were avail- 
able from more than one date, the date closest to in- 
jection was selected. Postinjection data were se- 
lected from the latest date the patient had been 
evaluated. When collagen injection was done after 
thyroplasty, Teflon removal, or reinnervation sur- 
gery, baseline measures were taken after the previ- 
ous operation and before collagen injection. 


STATISTICAL ANALYSIS 


Efficacy of collagen injections was addressed by 
asking two questions: 1) Was there a significant 
change in any of the variables postinjection? and 2) 
Was there any difference between disorder groups 
in response to the collagen treatment? To analyze 
for pretreatment and posttreatment changes in the 
parameters (acoustic, aerodynamic, perceptual), 
we used paired ¢ tests to determine whether or not 
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Fig 2. Scatterplots of three treatment groups’ performance on measures of vocal function before and after collagen injections. A) 
Maximum intensity. B) Intensity range. C) Jitter. D) Shimmer. (Continued on next page.) 


assumes that the distribution of the data is symmet- 
ric about the median. 


RESULTS 


There were no serious complications or side ef- 
fects for any of the 119 patients. Two reactions to 
Zyderm injection in the vocal fold could be con- 
sidered delayed hypersensitivity reactions. In 1 pa- 


tient redness was noted at the injection site and 
developed at the skin test site 5 weeks after the ini- 
tial skin test and 1 week after vocal fold injection. 
The second patient developed redness of the in- 
jected vocal fold at 1 year postinjection. Neither of 
these patients experienced any airway compromise 
and both noted improved voice that persisted. In- 
terestingly, they were both alcoholics, heavy smok- 
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Re 2, continued. E) Signal to noise ratio. F) Airflow. 


ers, and posthemilaryngectomy men who had been 
injected with Zyderm in 1984. There have been no 
apparent hypersensitivity reactions to. GAX colla- 
gen injections. 


In the subjective patient assessment (Table 1), 
those in the unilateral paralysis group all rated their 
voices improved, and improvement over preinjec- 
tion status was noted throughout the follow-up 
period. Those with scarred larynges had the worst 
ratings, with 12 patients noting no appreciable im- 
provement. No patient felt the voice was worse 
following collagen injection. In 3 patients with 
scarred larynges, the surgeon noted qualitative 
changes such as diplophonia and inappropriately 
elevated pitch that appeared to be related to focal 
loculations ‘of implanted collagen at superficial 
sites. In each of those patients a small incision was 
made over the implant bleb and the material easily 
aspirated; this procedure resulted in improved con- 
tour and subjective vocal quality. Improvement 
was noted by perceptual judgments, and the signifi- 
cance varied by diagnostic group. In comparing 
pretreatment to posttreatment assessments thé over- 
all improvement was significant at p = .00023 (uni- 
lateral p= .021, bilateral p=.71, and scarred p= 

= .0009). 


Acoustic measures evaluated from pretreatment 
to posttreatment included maximum intensity, in- 
tensity range, jitter, shimmer, airflow, and SNR 
(Figs 1.and 2). In general, maximum intensity, in- 
tensity range, shimmer, and SNR increased and jit- 
ter and airflow decreased: Results were predicted 
(Table 2) as a function of the anatomic changes 


achieved through the collagen injections. 


Successful injection for glottic insufficiency should 
result in improved glottic closure such that there is 
less wasted airflow during phonation, Although 
some patients have a tendency to compensate for 
glottic insufficiency by supraglottic valving, which 
also decreases flow, reduced airflow following in- 
jection was generally considered to indicate success. 
Low preoperative flows (<80 mL/s) increased (Fig 
2F), and high flows (>200 mL/s) decreased, re- 
gardless of the disorder classification. 


Significant differences were determined for all 
groups for six objective parameters (Table 3). One 
of the greatest changes for the unilateral group was 
airflow. Both the bilateral and scarred groups also 
showed significant airflow changes, but the signifi- 
cance in the scarred group was marginal. Maximum 


TABLE 2. SELECTED VOCAL PARAMETERS 
AND HOW THEY SHOULD CHANGE AS FUNCTION 
OF TREATMENT GOALS 


Treatment Inten- Air- EF re- Shim- 
Goal sity flow quency Jitter mer SNR 
Improved l 

closure + — — = = + 
Decreased : 

stiffness - + _ — + 0 + 
Improved ; 

vocal fold 6 ee 

contour + z 0. - 0 + 
Reduced 

yper- 
function 0 + 0 + 0 0 


SNR ~- signal to noise ratio, plus ~- should i increase, minus — should 
decrease, zero —- no predictable change. . 
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TABLE 3. SIGNIFICANT DIFFERENCES FOR 
THREE DISORDER GROUPS ON SIX 


OBJECTIVE VOCAL PARAMETERS 


Disorder Groups 


Vocal Parameters Scarred Bilateral Unilateral 
Airflow + ++ ++ 
Maximum 

intensity ++ + Ft 
Signal to noise 

ratio ++ ++ + + 
Intensity range + + E + 
Jitter + + 7 ++ 
Shimmer ++ + + + + 


Two pluses — significantly different, one plus — significantly different 
but marginally so, minus — not significantly different. 


intensity and SNR increased significantly for all 
three groups. For the scarred group, intensity 
range, jitter, and shimmer also increased signifi- 
cantly. Both jitter and shimmer were significantly 
increased for the unilateral disorder group. 


Videostroboscopy was particularly helpful in as- 
sessing individual patients and in guiding initial 
placement and modification. It was difficult to ob- 
jectively assess results of collagen injections by using 
videostroboscopy, because the medialized vocal 
fold was usually obvious in the postoperative sam- 
ple. Recognition of the postinjection samples did 
not interfere with ratings of supraglottic hyperfunc- 
tion, waveform periodicity, glottic gap, amplitude 
of vibration, mucosal wave, and vocal fold sym- 
metry. These measures were rated on preoperative 
and postoperative videotapes and the results sub- 
jected to statistical analysis with Wilcoxon’s test 
(Table 4). These data suggest a significant improve- 
ment in all videostroboscopic parameters. 


DISCUSSION 
SUBJECTIVE MEASURES 


In this study, voice improvement was determined 
by both subjective and objective measures. Patient 
self-assessments were, overall, higher than the 
perceptual judgments of the panel of experts; the 
professional did not note improvement unless the 
voice was less hoarse, whereas the patient self- 
assessment included not only quality, but also effort 
and loudness. 


In many patients the primary concern was the ex- 
treme effort and dyspnea of phonation; another fre- 
quent concern was inadequate vocal volume. After 
successful treatment, patients perceived a louder 
voice as improved because they could carry on a 
more normal life talking over noise in restaurants, 
cars, etc. Improved closure would often result in in- 
creased intensity levels even when quality was not 
changed. Although such changes may not have been 
apparent to the listener, for the speaker they were 
very important. 


The patient self-assessments related: well to the 
measures of airflow, SNR, and intensity. One might 


TABLE 4. LARYNGEAL VIDEOSTROBOSCOPIC 
ASSESSMENT OF 15 CASES BY WILCOXON’S TEST 
OF MEDIAN EQUAL TO 0.000000 VERSUS 


MEDIAN NOT EQUAL TO 0.000000 


No. of Estimated 
Parameters Cases p Median 
Supraglottic 
yperfunction 15 001 1.000 

Periodicity 14* 281 0.000 
Glottic gap 15 001 1.000 
Amplitude vibration 14? 022 0.500 
Mucosal wave 14* 022 0.500 
Symmetry 15 234 0.500 
Overall function 

based on above 15 001 3.000 


*One subject could not be rated on vibratory activity because of mal- 
function of strobe light, so that subject was rated only on supraglottic 
activity, glottic gap, and symmetry. 


be tempted to explain the difference between the 
patient self-assessment and professional perceptual 
ratings on the probability that the patient expects 
changes to result from therapy, and therefore rates 
his or her voice as improved. The correlation of self- 
assessment ratings with objective measures and 
analysis of ratings in different disorder groups sug- 
gest more fundamental differences. The scarred 
group had the worst voice both preoperatively and 
postoperatively, but the panel of speech patholo- 
gists noted more individuals with improved voice in 
this group than in the other two. Some of these pa- 
tients started out aphonic or nearly aphonic with 
very high harmonics. Thus, any treatment resulting 
in some voice or reduction in the higher harmonics 
would be rated by the speech pathologist as im- 
proved. The bilateral group generally began with 
some voice, though often characterized by weak- 
ness, breathiness, and poor control. This group also 
had the most individuals with other neurologic and 
respiratory problems that were often not treated 
and that continued to contribute to the overall 
quality of voice. Following treatment, the voice 
was louder and therefore rated as better by the pa- 
tient, but not necessarily by the speech pathologist, 
who was more attuned to the absence of changes in 
quality. 


OBJECTIVE MEASURES 


It is interesting that airflow significantly de- 
creased for all three groups. Even more interesting 
is the observation that individuals with low preop- 
erative flows increased flow following treatment. In 
other words, the treatment tended to normalize val- 
ues. It was anticipated that increased glottic closure 
would result in increased intensity and an improved 
SNR, as proved true for all three disorder groups. It 
was also assumed that increased closure would re- 
sult in better vocal control, less aerodynamic turbu- 
lence, and decreased perturbation values. Contrary 
to expectations, jitter and shimmer increased signif- 
icantly, not only in the unilateral group but in the 
scarred group as well. The bilateral groups showed 
a similar response, but only shimmer was signifi- 


Ford et al, Injectable Collagen 245 


cantly changed. 


Although laryngeal videostroboscopy is extremely 
useful in assessing disease and in observing the ef- 
fect of treatment, it is difficult to objectively quan- 
tify these results to assess efficacy. It is possible to 
observe the effect of injection on vocal fold vibra- 
tion and to determine the degree of correction of 
glottic closure; one can also grossly quantify the 
amplitude of vibration, mucosal wave, and peri- 
odicity. Unfortunately, it is difficult to mask the 
treated larynx because of the obvious displacement 
and whitish color often found in the injected fold. It 
is therefore not possible to objectively compare ran- 
dom preoperative and postoperative samples to 
eliminate judgment bias. 


PHYSIOLOGIC ASPECTS OF COLLAGEN 
INJECTIONS 

In addressing any particular type of disorder of 
the vocal fold, one must consider the components 
contributing to the dysphonia, including respira- 
tory support and the vibratory structure. Often sub- 
tle changes in vocal fold composition affect vibrato- 
ry properties, so that it is undesirable to lump all 
patients with paralysis or glottic insufficiency into 
the same group. For example, simply adding mass 
to a deficient vocal fold does not assure adequate vi- 
bration; in some instances it may increase stiffness 
and thereby impede vibration. The physical proper- 
ties of GAX allowing superficial precise placement 
in focal defects and the biologic properties render- 
ing it effective in the scarred larynx make collagen 
useful in addressing complex vocal fold problems as- 
sociated with discrete tissue loss or scarring. 


Resorption is reduced when collagen is injected 
into more superficial vocal fold levels (superficial 
lamina propria) and, in many patients, a superfi- 
cially injected implant could be seen easily through 
the transparent mucosa years after injection. The 
recent use of GAX collagen has drastically reduced 
the amount of resorption,”*:?° but it may still occur 
in some patients. Usually it is very gradual and only 
minimal. In most of these patients, such resorption 
is not accompanied by a decrement in voice func- 
tion. It is likely that some degree of resorption oc- 
curs in all patients, but this is quantitatively offset 
by deposition of host collagen. Functionally such 
change may be insignificant as long as the function- 
al correction remains. Those patients who actually 
lose correction but maintain voice improvement de- 
serve comment. 


We hypothesize that the patient receives immedi- 
ate relief after injection, and if the implant is prop- 
erly placed in the lamina propria, gradual resorp- 
tion and replacement allow the vocal mechanism to 


compensate incrementally for small changes. In © 


other words, some neuromuscular retraining is oc- 
curring over time as the patient adjusts to these 
small changes, allowing the patient to hit the vocal 


target even with an inadequate vocal fold structure. 
This biologic successive approximation training is 
an example of alteration of the nervous system 


through biofeedback. Such nervous system plastici- 


ty may be an important mechanism in the success of 
collagen injection in some patients (H. Okamura, 
personal communication, 1989). 


Reviewing selected patients’ videostroboscopic 
studies reveals four patterns of change: 1) correc- 
tion persists with negligible perceptible change, 2) 
correction decreases over the first few weeks and 
then stabilizes within 1 to 3 months, 3) correction 
persists months to years and then suddenly, usually 
after an upper respiratory tract infection, resorp- 
tion occurs, and 4) rapid resorption occurs in a few 
patients within weeks. This last group consists main- 
ly of patients with other medical problems such as 
Parkinson’s disease. It is not totally clear why these 
patients are so resistant to correction. Problems 
with neuromotor control might explain their inabil- 
ity to adapt, but it is not at all clear why they 
should be susceptible to implant resorption. 


In those patients for whom the implant persists 
but the contour or distribution is not ideal, it is 
possible to redistribute superficially placed collagen 
for several months after injection. In patients with 
less than ideal contour, voice, and stroboscopic 
findings following injection, visible collagen was 
nudged from an anterior to a more posterior loca- 
tion with the edge of the injection device; such pro- 
cedures were done within 2 weeks of injection, by 
using topical anesthesia and indirect laryngoscopy 
in the outpatient clinic. In three patients we easily 
removed small focal blebs of injected collagen, 
within 1 year of injection, by placing a small inci- 
sion over the collagen and aspirating with a small 
suction tip. No apparent scar tissue or inflam- 
matory tissue developed, and in each case the voice 
improved with loss of diplophonia and decreased 
roughness. 


No patients treated with GAX collagen injection 
experienced airway compromise, focal redness, swell- 
ing, or other signs of allergic reactions. Delayed on- 
set of erythema at the injection site in two pa- 
tients — one of whom also developed redness at the 
skin test site — occurred early in our series when 
Zyderm (not GAX collagen) was used. Overall, 
GAX preparations are less antigenic and persist 
longer.” Zyderm, Phonagel, and Zyplast are quali- 
tatively different from other available forms of col- 
lagen (Koken Atelocollagen, Gelfoam, Collastat, 
and Avitene), and their biologic characteristics 
seem most favorable for vocal fold injection.** Oth- 
er studies may not be comparable if different mate- 
rials are used for injection. ata 


-— 


ROLES OF COLLAGEN Pini 


Factors that determine the efficacy of solik ren 
injection include the degree of glottic insufficiency 


x 
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and the specific vocal fold disorder. In some in- 
stances conditions may be best treated by combin- 
ing collagen injection with other modalities such as 
thyroplasty. Our experience suggests that collagen 
injection may be used to treat many different condi- 
tions, but it is particularly useful in four situations. 


Atrophied Vocal Fold. Examples include patients 
with high vagal lesions showing loss of recurrent 
and superior laryngeal nerves, presbylaryngis with 
loss of vocal fold connective tissue bulk and a 
characteristic arrowhead-shaped residual glottic 
gap during phonation, congenital hypoplasia in 
which there is failure of development of the layers 
of vocal fold such as in sulcus vocalis, and isolated 
superior laryngeal nerve paralysis. In all of these ex- 
amples there is loss of fullness of the vocal fold, 
often associated with a medial furrow. Since col- 
lagen can be injected effectively in a superficial 
plane, it is possible to fill out such folds and recon- 
tour the vocal fold to match the contralateral side. 


Scarred Vocal Fold. Scarring of the membranous 
vocal fold is a difficult problem, because the func- 
tional integrity of the tissue is destroyed, and even 
with perfect displacement, restoration of vibratory 
activity will not occur unless the tissues undergo 
some biologic transformation. No procedure or 
material besides collagen has been shown to address 
this problem. Collagen injection has been demon- 
strated to soften scar tissue in the dermis’! and also 
in vocal folds.” Such changes have allowed for ad- 
ditional augmentation and restoration of the body- 
cover relationship required for vocal fold vibration. 
This effect of collagen is based theoretically on the 
biologic activity of the implant affecting the scar 
tissue—amino acid equilibrium to allow remodeling 
over time. Unfortunately, it is difficult to inject 
anything into scar tissue, and optimal results may 
take many injections over several years. For now, 
there are no suitable alternatives. 


Minimal Glottic Insufficiency. In patients with 
relatively minimal glottic insufficiency who are 
bothered by weak, breathy voice production, col- 
lagen injection has proven a relatively safe and suc- 
cessful method of treatment. Many patients with 
presbylaryngis, with bilateral paresis from neuro- 
logic disease or trauma, and with bowing due to cri- 
cothyroid muscle weakness fit in this group. We 
found that small amounts (0.05 to 0.20 cm’) of GAX 
collagen injected in the plane of the vocal ligament 
and the intermediate layer of the lamina propria 
were successful at producing improved voices,” 
These cases may represent instances in which some 
gradual resorption occurs as the patient develops 
improved phonation strategies. . 


Focal Vocal Fold Defects and Adynamic Seg- 
ments. Focal loss of tissue or scarring confined to a 
limited area of the membranous vocal fold requires 
precise placement of a filler substance. Often the 
scarring may be so subtle as to escape detection on 


routine examination but will appear as an adynam- 
ic segment, with absence of a mucosal wave, on la- 
ryngeal videostroboscopy. Collagen can be injected 
with extreme precision at the site of the defect in 
mucosal and immediate submucosal tissues. This is 
a unique advantage over Teflon, which must be in- 
jected deep into the thyroarytenoid muscle. 


Each of the four conditions can coexist with addi- 
tional vocal fold disease that might be more suitably 
handled with a different form of treatment such as 
thyroplasty, reinnervation, or arytenoid adduction. 
In some of these instances, collagen injection might 
be considered as an adjunctive measure. 


In addition to patient selection, the most impor- 
tant factor in determining the success of collagen in- 
jection is proper technique. All those who have 
reported successful management of glottic insuffi- 
ciency by collagen injection have described place- 
ment of the implant at a superficial level in the 
vocal fold. This is quite different from the place- 
ment of Teflon. Deep injection of collagen results in 
poor correction of the defect and rapid resorption of 
the implant. If the material fails to be distributed as 
intended, it is possible to modify the contour by 
rubbing the edge of the vocal fold with the injector 
device. Scarred vocal folds may require injection at 
different levels to facilitate maximal distribution of 
the implant. 


SUMMARY AND CONCLUSIONS 


This study and other clinical data indicate that 
collagen injection is relatively safe and useful in 
treating atrophic, scarred, or focally damaged vo- 
cal folds, and that it is helpful in relieving symp- 
toms in patients with a small degree of glottic insuf- 
ficiency. Some conditions treatable with collagen 
cannot be handled effectively with other treatment 
modalities, and other conditions might benefit from 
collagen injection as an alternative or adjunctive 
measure. While there is no reason to claim that col- 
lagen injection is the single best treatment for glot- 
tic insufficiency, these data support inclusion of 
GAX collagen injection in the armamentarium of 
the phonosurgeon engaged in treating glottic insuf- 
ficiency problems. Collagen differs from other in- 
jectables in that it is a bioimplant with the capacity 
to be assimilated into the host tissues and soften scar 
tissue. A collagen implant can be redistributed or 
removed after injection without harmful effects. No 
patients have exhibited allergic reactions to the 
newer GAX collagens (Zyplast or Phonagel). 


Acceptance, however, has been hampered by 
concerns over safety and efficacy that do not seem 
justified on the basis of worldwide experience and 
the data presented in this study. Ironically, Gel- 
foam has never been approved by the FDA for la- 
ryngeal injection, and yet it is commonly injected 
into vocal. folds by laryngologists to determine if a 
patient is a suitable candidate for Teflon injection. 
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A GAX collagen generically identical to Zyplast is 
commercially available, but use in the larynx has 
not been approved. 


The immediate challenge is to make collagen in- 
jection available to patients in need. Collagen injec- 
tion has been studied more extensively than many 


other currently used substances, Our results on 119 
patients showing it to be relatively safe, well toler- 
ated, and effective are consistent with those of other 
researchers. Collagen can be used to treat a variety 
of conditions for which there are no good alterna- 
tives, and it can be considered a useful adjunctive 
measure in treating complex vocal fold problems. 
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The use of magnetic resonance imaging in otitis media research is being explored in our laboratory. In this study, we present a new 
method for studying changes in the middle ear cleft due to an episode of induced otitis media in the chinchilla model. It uses gadolinium- 
diethylenetriamine pentaacetic acid, a magnetic resonance imaging contrast agent, to examine the uptake and washout characteristics of 
middle ear mucosa during an inflammatory episode. Parameters such as the time to maximum intensity of the mucosa and the washout 
rate of the contrast agent from the mucosa were significantly correlated to the duration of the infection. 


KEY WORDS — animal model, inflammation, magnetic resonance imaging, otitis media. 


INTRODUCTION 


The use of magnetic resonance imaging (MRI) to 
assess the middle ear (ME) space in animal models 
has been previously reported by our laboratory.’ It 
was noted that MRI is more accurate than tympa- 
nometry in assessing the ME space. Furthermore, 
MRI enhanced by gadolinium-diethylenetriamine 
pentaacetic acid (Gd-DTPA; Magnevist) allows ex- 
cellent visualization of the ME mucosa. The poten- 
tial of this imaging technique, beyond high-resolu- 
tion images, was suggested. 


In the pathogenesis of otitis media (OM), inflam- 
matory changes of the ME mucosa resulting from 
noxious agents are a prominent feature. Studies of 
inflammation as assessed by MRI have been per- 
formed. An experimental model of chemically in- 
duced soft tissue inflammation evaluated in vivo by 
MRI in rats was reported.? Edematous foci were de- 
tected in T2 spin-echo (SE) scans as well as Tl- 
weighted SE images using Gd-DTPA. The inflam- 
matory response of the human sinonasal tissues eval- 
uated by means of MRI has also been addressed.*-* 


Traditionally, OM research involving animal 
models evaluates the host’s acute and chronic in- 
flammatory reaction to a noxious event by use of 
biochemical, bacteriologic, or histologic methods." 
The first two types of assay are in vitro procedures 
in which the effusion must be removed from the 
animal for analysis. This type of analysis assesses the 
cumulative events of the inflammatory process at 
selected points in time, but is incapable of provid- 
ing real-time information. The last assay method 
requires that the animal be killed and examined ex 


vivo. This model eliminates the possibility of repeat 
assessment or modification of the response in a par- 
ticular animal. The ability to study the ME in vivo 
could overcome some of the shortcomings of the tra- 
ditional methods. In this paper, we present a meth- 
od for studying the ME mucosa in vivo by using Gd- 
DTPA-enhanced MRI. This method is based on the 
mucosal uptake and washout of the contrast agent 
Gd-DTPA. Stages of the inflammatory process, ob- 
served by Gd-DTPA-enhanced MRI, were corre- 
lated with findings of histologic analysis to validate 
this method. 


METHODS 


Our previous experience indicated that Gd-DTPA 
could be detected in the chinchilla ME mucosa 
shortly after intravenous injection. However, no 
quantitative information was available describing 
the uptake and washout characteristics of Gd-DTPA 
for ME mucosa or effusions. This study was per- 
formed in two phases. In the first phase, two puls- 
ing sequences for studying the uptake and washout 
of Gd-DTPA from the ME mucosa were evaluated. 
The domestic cat (Felis catus) was chosen for this 
portion of the study. In the second phase the chin- 
chilla (Chinchilla laniger) model was used in a com- 
parison of the degree of inflammation, as defined 
by the previously established imaging protocol, to 
the duration of the infection, and to the preliminary 
results of light microscopic histologic analysis. 


Phase 1. Since the uptake rate of Gd-DTPA in the 
ME mucosal surface had not previously been ascer- 
tained, imaging at high rates was necessary to de- 
termine whether slower imaging sequences would 
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Fig 1. Idealized uptake washout curve illustrat- 
ing variables discussed in text. 
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obscure significant aspects of this temporal process. 
A comparison between fast low-angle sequences 
(FLASH; TR = 100 milliseconds, TE = 13 millisec- 
onds, slice thickness 5 mm, two excitations, matrix 
= 192 x 128)‘ and Tl-weighted SE sequences (TR = 
400 milliseconds, TE = 25 milliseconds, slice thick- 
ness 5 mm, two excitations, matrix = 192 x 128) was 
made. 


Two female domestic cats (average weight 3.2 
kg) were scanned; their eustachian tubes had been 
unilaterally obstructed by Silastic sponges and they 
had had a stable unilateral ME effusion for more 
than 4 months. The animals were sedated with ke- 
tamine hydrochloride and acepromazine maleate 
(100:1) at 10 to 15 mg/kg. An intravenous catheter 
was inserted and sedation was maintained through 
periodic doses of pentobarbital at 5 to 10 mg/kg. 
The animals were placed prone in a 1.5-T MRI unit 
(Signa, General Electric). A Gd-DTPA reference 
source (0.68 mol/L) was taped to the dorsal surface 
of the animal’s head, which in turn rested on a 
7.62-cm surface coil. Following intravenous injec- 
tion of Gd-DTPA (100 zmol/kg) one animal under- 
went 13 sequential FLASH scans in 7 minutes and 
the second animal underwent Tl-weighted SE 
scans, for a total of 19 scans in 40 minutes. 


Phase 2. The resolution of an induced episode of 
OM in the chinchilla model, determined histopath- 
ologically, was reported to be about 6 weeks.’ In 25 
chinchillas (average 500 g), unilateral acute OM 
was induced by inoculating 250 to 500 colony-form- 
ing units of Hemophilus influenzae by the transbul- 
lar approach. The time points at which scanning 
was performed — that is, days postinfection — and 
the respective numbers of animals (in parentheses) 
were as follows: 3 days (four), 6 days (five), 9 days 
(five), 12 days (four), 16 days (three), 21 days 
(two), and 28 days (two). 


Prior to MRI scanning animals were sedated with 
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ketamine hydrochloride (20 mg/kg) via the subcuta- 
neous route, supplemented with pentobarbital (10 
mg/kg) via the intraperitoneal route. Under satis- 
factory sedation, a femoral vein catheter was in- 
serted by means of the operating microscope. Sup- 
plemental sedation and the introduction of Gd- 
DTPA were via this route. The animals underwent 
sequential Tl-weighted SE MRI. Each scanning ses- 
sion consisted of two baselines, a Gd-DTPA injec- 
tion, and sequential scans at 3-minute intervals for 
at least 30 minutes. On completion of scanning, the 
animals were killed by barbiturate overdose. Their 
bullae were removed, fixed in 10% formalin, and 
decalcified in 5% formic acid. Thin sections of both 
the infected and uninfected bullae were stained 
with hematoxylin and eosin and studied under light 
microscopy. Measurements of ME mucosal thick- 
ness were made with an image analysis package 
(American Innovision V150). 


Data Acquisition and Analysis. Intensity values 
were determined by the resident software of the 
scanner for the chosen region of interest (ROI). The 
ROI for ME mucosa was generally composed of four 
pixels, whereas that of the ME effusion and the Gd- 
DTPA reference was larger. A pixel is the two-di- 
mensional representation of the smallest recogniz- 
able volume as determined by the scanning parame- 
ters: field of view, matrix size, and slice thickness. 
For the scanning parameters used in this study, the 
smallest volume that can be resolved is 0.586 mm? 
(slice thickness = 3 mm, field of view =8 cm, ma- 
trix = 256 x 128). 


The uptake and washout rates of Gd-DTPA for 
the mucosa and effusion are presented as a time-ac- 
tivity curve defined by plotting MRI intensity as a 
function of time (Fig 1). To produce these curves, 
variation in peak intensity was standardized by sub- 
tracting the average baseline intensity of the ROI, 
before Gd-DTPA injection, from the intensity val- 
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SIMPLE CORRELATION COEFFICIENTS AND P VALUES 


All Observations 
Pearson Spearman 
N R? p R? 
Days 
postinfection 
Baseline 
intensity 25 26 2 18 
Maximum 
intensity 25 .29 15 28 
Time to 
maximum 
intensity 25 00 004 63 
Slope washout 
curve 25 AS .O3 5 
Slope effusion 
uptake 25 53 
Mucosal 
thickness 92 56 


Log mucosal 
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ues following Gd-DTPA injection and expressing 
this value as a percentage of the corrected maxi- 
mum intensity. From these time-activity curves the 
parameters discussed in this paper were determined. 


The data were analyzed to determine whether a 
relationship exists between the duration of an infec- 
tion, as an index of disease, and the following vari- 
ables: raw baseline mucosal intensity, raw maxi- 
mum mucosal intensity, time to maximum intensity, 
slope of washout curve, and rate of accumulation of 
contrast in the effusion. A second series of compari- 
sons was also performed between these variables 
and mucosal thickness as measured from histologic 
slides. Slopes of the washout curves were calculated 
and the Pearson and Spearman correlation coeffi- 
cients were determined. The graphs depict the Pear- 
son correlation coefficients for each animal, those 
for each variable, and the least squares fit line and 
95% confidence intervals through these data. In 


First 16 Days 


Pearson Spearman 
p N R? p R? p 


— 03 .89 —.01 95 


.006 
.0004 
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several instances two least squares fit lines are pre- 
sented, one for all the data and the other for a sub- 
set of data encompassing the first 16 days of the in- 
fection. For the Table a p value less than .05 indi- 
cates that the correlation is significantly different 
from zero. 


Measurements of mucosal thickness at 10 regions 
of interest, including the margins and septa of the 
bulla, were taken from histologic sections. For each 
region a circle of random radius was drawn by the 
computer. The intersection of this circle with the 
mucosa dictated the thickness to measure. The mu- 
cosal thicknesses of four regions along the superior 
boundary of the bulla were used in this analysis, be- 
cause they correspond to the region from which the 
mucosal intensity values were obtained. 


RESULTS 
With the use of the Gd-DTPA reference, it was 
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determined that the intensity values obtained dur- 
ing sequential scanning remained relatively con- 
stant (Fig 2, diamonds). This finding eliminated 
scanner variation as the source of the observed 
changes in the ROI intensity value following Gd- 
DTPA injection. This procedure was performed in 
over half of the animals before it was excluded. 


Figure 2 also shows a comparison of the time-ac- 
tivity curves generated by FLASH and SE MRI of 
the ME mucosa from the two cats during phase 1 of 
the study. The curves have been superimposed to 
demonstrate that the peak intensity following Gd- 
DTPA occurred approximately 4 to 5 minutes fol- 
lowing injection. Because of the limited anatomic 
information from the FLASH technique and since 
the uptake portion of the activity curve was fully 
captured by the SE sequence, it was concluded that 
the latter technique can adequately image the ME 
mucosa. 


The chinchilla ME mucosa was found to behave 
in a manner similar to that of the cat mucosa fol- 
lowing injection of Gd-DTPA; both the uptake and 
washout arms of the time-activity curve were ob- 
served in all animals. Figure 3 presents two images 
that illustrate the increase in mucosal intensity 


Time of Scan (Minutes) 


above baseline following the injection of Gd-DTPA 
(Fig 3B). Figure 4 shows examples of time-activity 
curves for three representative animals scanned on 
days 3, 6, and 9 postinfection. These time-activity 
curves demonstrate the differences in the uptake 
and washout of Gd-DTPA. The uptake portions of 
the curves are equally steep for the animals infected 
3 and 6 days prior to scan. The animal imfected 9 
days before scanning shows a shallower uptake 
curve. In the analysis of the time-activity data, it 
became evident that the washout portions of the 
curves are nonlinear; this finding suggests that at 
least two processes are responsible for the elimina- 
tion of Gd-DTPA from the mucosa. In an attempt 
to differentiate between these effects, only the first 
20 minutes of data following maximum intensity 
was used to calculate the slope of the washout por- 
tion’ of the time-activity curve. The Gd-DTPA 
washout rate decreased and was inversely related to 
the duration of the infection. The only parameters 
not illustrated in Fig 4 are the raw baseline and raw 
maximum intensities. 


For the initial analysis of the time-activity curves, 
days postinfection was used as the independent vari- 
able. A significant relationship was found between 
days postinfection and 1) the time to maximum in- 





Fig 3. Magnetic resonance images illustrating change in chinchill 
Gd-DTPA, Intensity of mucosa (M) 


a mucosal intensity A) at baseline and B) after bolus injection of 


of infected left side increases dramatically. E — effusion, B — brain. 
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tensity (Fig 5A), 2) the slope of the washout portion 
of the curve (Fig 5B), and 3) the uptake slope of the 
effusion (Fig 5C). There was no correlation be- 
tween days postinfection and raw baseline mucosal 
intensity or maximum intensity. Correlation coeffi- 
cients for the first 16 days postinfection are larger 
than those obtained for the entire data set. This 
finding suggests that healing processes may begin 
after about 2 weeks. Histologic mucosal thickness 
was found to be directly and significantly related to 
the duration of the infection (Fig 6). These vari- 
ables, the simple regression coefficients, and asso- 
ciated p values are listed in the Table. 


Longitudinal histopathologic changes of the ME 
mucosa subsequent to a bacterial infection in the 
chinchilla model were first described by Juhn et al.’ 
Inflammatory characteristics of both acute and 
chronic infection were seen throughout this study. 
There were the less dramatic microscopic findings 
such as changes in the cellular infiltrates from a pre- 
dominately neutrophilic population to a lympho- 
cytic one, the increase in both the caliber and the 
number of subepithelial capillaries, the formation 
of granulation tissue, and the appearance of neoos- 
teogenesis. The most striking change during the 
course of disease, almost visible without magnifica- 
tion, was the increase of ME mucosal thickness. The 
average mucosal thickness changed from a baseline 
of 11+6 pm to 1,142+1,126 pm at 28 days postin- 
fection (Fig 6). 


Using histologic mucosal thickness as another 
measure of disease severity, we computed a second 
set of correlations. Of the parameters significantly 
correlated with days postinfection, only the uptake 
slope of the effusion was significantly correlated to 
mucosal thickness. Time to maximum intensity and 
the slope of the washout curve were at best poorly 
correlated to mucosal thickness. Because there is 
such a broad range of mucosal thicknesses (10 to 
1,500 ym), this variable was logarithmically trans- 
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Fig 4. Standardized time-activity curves of mid- 
dle ear mucosa of representative chinchillas 3 
days (squares), 6 days (triangles), and 9 days 
(diamonds) postinfection. As duration of infec- 


in tion increases, there is decrease in uptake slopes, 


increase in time to maximum intensity, and de- 
crease in washout rate. 
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forrned and the regressions rerun. This strengthened 
the relationship between mucosal thickness and 
days postinfection. Despite this transformation, 
none of the previously insignificant comparisons 
reached significance. Baseline intensity and maxi- 
mum intensity remained poorly correlated to both 
mucosal thickness and its logarithm. Although these 
correlations were insignificant, the correlation be- 


- tween the logarithm of mucosal thickness and maxi- 


mum intensity (r = .52) was of the same magnitude 
as many of the significant correlations. The lack of 
significance may be due to low power, a conse- 
quence of the small sample size (N= 10). Despite 
the fact that several of the characteristics of the 
time-activity curves and mucosal thickness are sig- 
nificantly correlated to days postinfection, these pa- 
rameters were not significantly correlated to one 
another. 


DISCUSSION 


A unique in vivo method for studying OM by re- 
lying on real-time information derived from MRI 
has been described. Using Gd-DTPA as a tracer, we 
characterized the behavior of the ME mucosa dur- 
ing a course of induced OM. Observed changes in 
mucosal intensity, following a bolus injection of 
Gd-DTPA, were not due to variability in the scan- 
ning equipment. Significant correlations exist be- 
tween the duration of the infection and the time it 
takes to reach maximum intensity and between this 
duration and the rate at which the contrast agent 
diffuses out of the mucosa. No significant relation- 
ship exists between the duration of an infection and 
the raw mucosal baseline or maximum intensity val- 
ues. Although a significant correlation exists be- 
tween mucosal thickness and days postinfection, 
similarly strong relationships do not exist between 
mucosal thickness and the various parameters of the 
Gd-DTPA curves, except for the uptake of Gd- 
DTPA by the effusion. 
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Fig 5. Correlations between days postinfection 
and A) time to maximum intensity, B) slope of 
washout portion of mucosal time-activity curve, 
and C) slope of effusion uptake curve. Data 
points for individual animals are indicated. 
Best-fit line (solid) and 95% confidence interval 
for data up to 16 days postinfection are pre- 
sented. Dash-dotted line is best fit for all data. 
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The interpretation of the observed changes in the 
intensity values requires an understanding of not 
only the pathophysiology of the ME mucosal sys- 
tem, but also contributing factors of the MRI pro- 
cess and the pharmacokinetic properties of the con- 
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trast agent. Given standardized scanning param- 
eters, the intensity of a pixel, representing a voxel 
(imaged volume), is dictated by two factors: the 
proportion of the voxel that generates signal and the 
strength of signal generated. The need to control 


Fig 6. Means and standard deviations of middle ear 
mucosal thickness from infected (triangles) and con- 
trol (diamonds) bullae during 28 days of induced 
episode of otitis media. Mucosal thickness changed 
from baseline of 11 pm to 1,142 um at 28 days. post- 
infection. 
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partial volume effects becomes essential when the 
voxel is not completely filled during the early stages 
of a course of experimental OM. Subtraction of the 
baseline pixel intensity values from those following 
Gd-DTPA injection standardizes for this effect. 
This procedure also eliminates the confounding ef- 
fects of mucosal composition on intensity. If the vol- 
ume included within a voxel contributed to intensi- 
ty in only these ways, its input to the total signal 
could be eliminated. However, physiologic pro- 
cesses that are responsible for the accumulation of 
Gd-DTPA in the mucosa may also affect its inten- 
sity. 


Pathophysiologic parameters that may affect pix- 
el intensity include the rate of perfusion and differ- 
ences in the vascularity and permeability of the sub- 
mucosal capillaries. These factors determine the 
amount of contrast agent available to the ME mu- 
cosa and the ease with which it passes into the extra- 
cellular space and hence into an effusion. General- 
ly, given a constant bolus size, the observed changes 
in intensity will be proportional to the concentra- 
tion of Gd-DTPA that is retained in the mucosa or 
effusion. Because normal mucosa is so thin and its 
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capillaries are relatively impermeable to Gd-DTPA, 
the increase in pixel intensity due to the presence of 
the contrast agent is negligible. Changes in the mu- 
cosa due to infection allow high Gd-DTPA concen- 
trations to develop, thus affecting pixel intensity. 
The rate at which the maximum intensity is reached 
and the persistence of this intensity are correlated 
with the duration of infection. Whether these 
changes reflect the increased volume of the mucosa 
or are in part dependent on alterations in its vascu- 
larity and the permeability of its capillaries remains 
to be delineated. Clearly, the most interesting and 
potentially useful situation would be to find that 
correlations between intensity and measures of per- 
meability and vascularity explain a significant por- 
tion of the variability observed in the system. 


This method opens a new avenue in the investiga- 
tion of OM pathogenesis using animal models. Fur- 
ther investigation focused on mucosal vascular per- 
meability is being conducted. Clearly, this model 
can be extended to other mucosal-lined systems. A 
clearer understanding of OM pathogenesis will like- 
ly modify treatment plans and clinical response. 
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SLOW CUMULATIVE EYE POSITION TO QUANTIFY 
OPTOKINETIC AFTERNYSTAGMUS 


TIMOTHY C. HAIN, MD 
CHICAGO, ILLINOIS 


GAURANG PATEL 
BALTIMORE, MARYLAND 


In 30 normal subjects we computed the slow cumulative eye position (SCEP) of optokinetic afternystagmus (OK AN) that followed 60 
seconds of full-field optokinetic stimulation at 60°/s. The mean SCEP was 112.8° + 65.0°. The lower and upper fifth percentile limits for 
directional preponderance of the SCEP were ~38.8% and 44.3%, respectively. The time constant, which we calculated by dividing the 
SCEP by the initial velocity, was 12.0+7.4 seconds. This value is nearly identical to the time constant obtained from semilogarithmic re- 
gression of the decay of OKAN slow-phase velocity versus time. We conclude that the SCEP is a good measure of OKAN and that it reflects 
the substantial amount of variability and directional asymmetry observed in the optokinetic responses of normal subjects. 


KEY WORDS — humans, optokinetic afternystagmus, optokinetic nystagmus. 


INTRODUCTION 


Optokinetic afternystagmus (OKAN) is the nys- 
tagmus that follows optokinetic stimulation. It is 
strongly affected by vestibular lesions in experimen- 
tal animals'~* and is used as an aid in the diagnosis 
of vestibular lesions in some clinical laboratories. 
Our purpose in this report is to indicate the advan- 
tages of the slow cumulative eye position (SCEP) 
over other parameters used for characterization of 
OKAN, and to present normative data on the SCEP 
that were derived from 30 subjects. 


Several technical problems should be considered 
in the measurement of OKAN. 


1. In humans, OKAN is low in amplitude, with 
mean peak slow-phase velocities typically reach- 
ing only about 10°/s.*° 

2. The amplitude of OKAN has substantial vari- 
ability in the same individual from trial to trial. 
The mean coefficient of variance of the initial 
slow-phase velocity of OKAN is about 35% .° 

3. Decay of OKAN follows a complicated time 
course.°"§ 


The first two problems can be resolved by means 
of averaging techniques as described elsewhere.’ 
Quantifying the complicated time course of OKAN 
entails curve-fitting, and there is no consensus as to 


the best procedure. Experimental evidence indi- 
cates that after a period of constant-velocity optoki- 
netic stimulation, the decay of OKAN slow-phase 
velocity in humans has multiple exponentially de- 
clining components.” 1%" These components are de- 
scribed mathematically by the formula 


è= Po x exp_—' +00 x exp_—! + Ao x exp Zt +50 (1) 
Tp To Ta 


Equation 1 describes eye velocity (é) as a function 
of time (t) by means of three exponential terms and 
one constant term. Each exponential term has two 
parameters, one designating an initial value, and 
the other, a time constant of decay. Table 159212715 
gives values of the exponential parameters for drum 
rotation at 60°/s for 60 seconds for normal subjects. 


The first exponential term, the pursuit term, con- 
sists of rapidly decaying slow-phase eye velocity di- 
rected toward previous drum motion. It probably 
represents the sum of two processes, namely, smooth 
pursuit and a separate, rapidly decaying component 
of optokinetic nystagmus. The symbol Po indicates 
the initial velocity, and Tp indicates the time con- 
stant. It is unclear whether measurement of the pur- 
suit term is useful for diagnosis of vestibular dis- 
orders. 


The second exponential term, or primary OKAN, 


TABLE 1. NORMAL OPTOKINETIC AFTERNYSTAGMUS PARAMETERS REPORTED PREVIOUSLY 


semenscbnbiabtnnnnmeietenemeneneaemeiadiae tanita re erenere eee eee ee eT m w 
AA Ad nd RPP et lt lr TYR RA AAA AAA RY l/r A AI 


Reference Po Tp (s) OO To (s) AO Ta (s)  SCEP (°) n* 
Tomlinson et al'* 5 8 
Tijssen et al’ ll Il 30 
Segal and Liben’ 10 10 & 
Dizio and Lackner’ 7 20 
Brandt et al”? 15 12 4 50 137 3 
Lafortune et al? 50 0.75 10 25 79 8 


Values attributed to Brandt et al were computed from their data as indicated in text. Values attributed to Lafortune et al were estimated from their 
Figs 2-4. Value attributed to Dizio and Lackner was obtained by averaging together values reported for young and elderly subjects, 
Abbreviations are defined with equation 1 and in paragraphs immediately following. 

“Number of subjects studied. 


i nt nee neni pp 
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represents slowly decaying slow-phase eye velocity, 
also directed toward previous drum stimulation. 
The initial velocity is indicated by O0, and the time 
constant by To. Both Oo and To are reduced by ves- 
tibular lesions, and registration of primary OKAN 
can assist in the diagnosis of vestibular disorders. 


The third exponential term, the reversal phase, 
quantifies activity with slow-phase eye velocity di- 
rected oppositely to drum stimulation. The initial 
velocity (A0) and the time constant (Ta) have never 
been measured explicitly, but these values can be es- 
timated from other parameters. It is known that for 
periods of optokinetic stimulation up to 1 minute, 
the reversal phase persists about twice as long as 
primary OKAN but has only about one fourth the 
total amplitude.’? From computer simulation it can 
be estimated that values of AO ranging between 3°/s 
and 5°/s and values of Ta ranging between 40 and 
50 seconds are needed to obtain these relationships. 
The reversal phase persists in patients with vestibu- 
lar loss, who no longer have a primary phase of 
OKAN.*® 


The last term, the constant S0, represents con- 
stant-velocity spontaneous nystagmus. Normal sub- 
jects with eyes open and head upright rarely have 
more than 1°/s of spontaneous nystagmus,’ In pa- 
tients with vestibular lesions, however, the slow- 
phase velocity spontaneous nystagmus often exceeds 
that of primary OKAN. 


Because of the small size and erratic nature of the 
OKAN response, fits of OKAN decay to the seven- 
parameter model of equation 1 do not produce clin- 
ically useful information, and simplified models 
with fewer parameters are always used. The first 
simplification is to discard the reversal phase, be- 
cause as mentioned above, there is evidence that the 
reversal phase is not strongly affected by vestibular 
dysfunction. The pursuit and spontaneous nystag- 
mus terms are handled in a variety of ways by indi- 
vidual workers. Lafortune et al‘ and Jell et al®-‘* dis- 
card the spontaneous nystagmus term, S0, and fit 
OKAN data to the remainder, The model that they 
use is represented by equation 2. 


é=Po x exp_—' + O0 x exp — (2) 
Tp To 


With this four-parameter model one can compute 
values for both the pursuit component and primary 
OKAN from the same OKAN response. Unfortu- 
nately, this is a complex model to fit to an erratic 
signal such as OKAN, and it is apparent that any 
substantial amount of spontaneous nystagmus will 
produce spurious results. In normal subjects, for a 
60°/s drum rotation, this use of this model to ana- 
lyze data produces an initial velocity (O0) of ap- 
proximately 10°/s and a time constant (To) of ap- 
proximately 25 seconds." 








Equation 3 is an expression for a simpler model 


that discards all but one exponential term. This 
model or a close variant has been used by most in- 
vestigators studying OKAN, 5:9)14:15.-19.20 


è= 00 x exp_~' + S0 (3) 
To 


The three-parameter model of equation 3 has two 
advantages over the four-parameter model. First, 
regression curves of OKAN data to the three-param- 
eter model are affected less strongly by the intrinsic 
variability of OKAN than are regressions to the 
four-parameter model. Second, because of its sim- 
plicity, equation 3 lends itself to manual analysis. 
On the other hand, the disadvantage of the three- 
parameter model is an intrinsic error related to dis- 
carding of the pursuit term. To avoid such an error, 
many workers omit analysis of the first 1 or 2 sec- 
onds of the OKAN response, knowing that it is con- 
taminated by pursuit, and use only the remainder 
for the fit.*°”° In normal subjects, this method pro- 
duces estimates of 10°/s and 10 seconds for initial 
velocity and the time constant (To), respectively 
(Table 1). Shorter time constants (eg, 5 to 6 seconds) 
have been reported by workers who use data from 
the first second of OKAN.” 


To summarize, the two methods of quantifying 
OKAN discussed so far produce similar values for 
the initial velocity (about 10°/s), but dissimilar val- 
ues for the OKAN time constant (ranging from 5 to 
25 seconds). In other words, time constant estimates 
of primary OKAN are model-dependent. It would 
be preferable to describe OKAN with parameters 
that are independent of the model. 


The SCEP is a model-independent parameter, 
because it is calculated from a direct measurement. 
Alternative names given to the SCEP include total 
amplitude, '”-”° total deviation,’ and cumulative eye 
displacement.* In considering the SCEP as a mea- 
surement of OKAN, it is helpful to consider how it is 
related to the model-dependent parameters de- 
scribed previously. Both the three-parameter and 
four-parameter models separate OKAN into sets of 
variables indicating amplitude (Oo and Po) and du- 
ration (Tp and Tc). The SCEP contains information 
on both amplitude and duration. For the three-pa- 
rameter model, given that there is no spontaneous 
nystagmus, the relationship is particularly simple, 
because in this case the SCEP is the numeric prod- 
uct of initial velocity (00) and time constant (To). 
Equations 4a and 4b show the derivation of this 
formula. 


é= O0 x exp (= (4a) 
To 
[9 e] 
SCEP = | édt = O0 x To (4b) 
0 


A similar expression, with P x Tp added for the 
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Fig 1. Relationship between estimated time constant cal- 
piled by slow cumulative eye position method (Uncor- 
rected Tc, called Te’ in text), estimate corrected by equa- 
tion 5 (Corrected Tc), and true time constant. 


pursuit term, is the equivalent for the four-param- 
eter model. 


Equation 4 suggests the possibility of calculating 
the time constant from the SCEP, by dividing the 
SCEP by the initial velocity. However, there is a 
practical problem. In the laboratory, the SCEP is 
calculated as a definite integral, with the limits of 
integration set by the duration of OKAN data col- 
lection. However, substitution of a definite integral 
for the infinite integral of equation 4 introduces er- 
ror. When the time constant is long enough so that 
appreciable nystagmus persists beyond the upper 
limit of the SCEP integral, the effect of the error is 
to put a cap on the maximum time constant, which 
is the duration of the SCEP integral. To give an ex- 
ample, suppose that the time constant is very large, 
1,000 seconds, and that the initial velocity is 10°/s. 
The SCEP over 30 seconds of the response is 300°, 
and the estimate of time constant would be 30 sec- 
onds. This cap may lead to erroneous results for 
some normal subjects. 


This problem can be overcome if a correction 
formula is used. Figure 1 shows the relationship be- 
tween the true OKAN time constant, Tc, and the 
time constant calculated from the SCEP, Te’. Fig- 
ure 1 was constructed from equation 4b according 
to the following procedure. For all time constants 
between 0 and 80 seconds, the SCEP was calculated 
from the definite integral of eye velocity between 
the limits of 0 and 30 seconds. The uncorrected time 
constant, Te’, was computed by division of the 
SCEP by the initial velocity (set to 10°/s), Equation 
5, below, was then derived from an asymptotic fit 
relating Te’ to Tc (the given “true” time constant), 
The parameters of the fit were obtained by means 
of a numeric analysis method (Marquardt’s proce- 
dure). Equation 5 provides a correction for values 
of Tc as large as 80 seconds, which correspond to 
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Fig 2. Illustration of method of calculating initial velocity, 
slow cumulative eye position (SCEP), and time constant. 
A) Slow-phase velocity profile of optokinetic nystagmus 
(solid line) and underlying optokinetic afternystagmus 
component (dotted line). B) Expansion of final portion of 
A, showing optokinetic afternystagmus decay curve and 
area included in SCEP integral (hatched). C) Slow-phase 
velocity tracing for normal subject. Solid line — smoothed 
slow-phase velocity, hatched area —~ portion of decay 
curve used for computation of SCEP. 


values of Tc’ as large as 25 seconds. The perfor- 
mance of the correction formula is plotted as “Cor- 
rected Tc” in Fig 1. It should be noted that this 
formula applies only to SCEP data accumulated 
over 30 seconds. 


Te= —22.7 x os as (5) 
25.5 
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TABLE 2. NORMAL VALUES FOR SLOW CUMULATIVE EYE POSITION 


Mean SD 
SCEP (°) 112.9 65.0 
SCEPDP (°) 4,5 23.0 
TcSCEP (s) 12.0 7.4 
Telog (s) 11.3 3.8 
See text for abbreviations. 
METHODS 


We reanalyzed the OKAN data from the study of 
Tijssen et alë in order to develop normative values 
for the SCEP. These data were obtained from 30 
normal subjects, who were evenly divided as to sex. 
Figure 2A shows the stimulus profile. In each trial, 
optokinetic nystagmus was elicited with a full-field 
optokinetic drum rotated at 60°/s for 60 seconds. 
During the stimulation the lights were switched off 
for 2 seconds at 12, 26, 40, and 60 seconds for samp- 
ling of the OKAN.° After the final sampling the 
lights remained off for 60 seconds, during which the 
data for the OKAN decay curve were collected. An- 
other 60 seconds was allowed to elapse before the 
beginning of the next trial. Three trials for each di- 
rection were obtained from each subject. 


Figure 2B,C shows the portion of the OKAN re- 
sponse from which we calculated the SCEP. Cumu- 
lative eye position was calculated by numeric inte- 
gration of the area under the slow-phase velocity 
curve for the first 30 seconds, excluding the first 2 
seconds; eye velocity going opposite to the drum 
was considered as zero. To this quantity, we added 
the initial velocity calculated from the initial sam- 
ples, and multiplied by 2 seconds. The integration 
was performed according to the trapezoidal rule. 
We removed fast phases by using a manually as- 
sisted computer algorithm that considered direc- 
tion, velocity, and duration of nystagmus. The ini- 
tial velocity was calculated from mean slow-phase 
eye velocity during the second second after the 
lights were extinguished in the sampling periods. 
The directional preponderance of the SCEP (SCEPDP) 
was calculated from equation 6. (In equation 6, 
Right and Left indicate the magnitude of the SCEP 
to the right and left, respectively.) The time con- 
stant of decay of OKAN (Tc) was calculated by divi- 
sion of the SCEP by the initial velocity. The result 
was adjusted with the correction formula given in 
equation 5. 


SCEPDP = 100 x _Right— Left _ (6) 
l Right + Left 
RESULTS 


Table 2 summarizes the results, including the 
SCEP, the SCEPDP, and the time constants calcu- 
lated by the SCEP method. For comparison, time 
constants computed from the same data by semilog- 
arithmic regression’ are also shown. The distribu- 
tions of all four measures of OKAN, which were 
based on individual trials of OKAN, were skewed 


n Lower 5% Median Upper 5% 
178 40.0 99.0 237.0 

89 — 44,3 ~10.6 37.8 
179 4.2 10.3 24.7 
178 4.2 9.8 20.1 


significantly toward higher values. The significance 
of the skew was calculated from the third moment 
of the mean.” Because of the skew, the distribution 
is not “normal” in the statistical sense. Accordingly, 
we have provided fifth-percentile limits and medi- 
an values, which were obtained directly from the 
frequency distribution histograms. 


Figure 3A shows the distribution of SCEP for our 
30 normal subjects. It shows both SCEP values com- 
puted from individual trials and values compared 
from the average of six trials for a given subject. 
The skewing of the distribution is reduced when 
trials are averaged. Figure 3B illustrates the distri- 
bution of the SCEPDP. Figure 3C is a plot of the 
time constant of OKAN computed both by the SCEP 
method and by semilogarithmic regression. 


DISCUSSION 


Our study provides normative data for the SCEP 
of OKAN. The mean SCEP obtained for our 30 sub- 
jects (112° + 64°) is similar to results of other work- 
ers (Table 1). Brandt et al’? reported a mean SCEP 
of 137° in 5 normal subjects. They continued the 
SCEP integration until the reversal phase started, 
rather than stopping the integration at 30 seconds as 
we did. This difference in technique may account 
for their slightly larger value. Lafortune et al‘ 
found an SCEP value of about 70° in 8 normal sub- 
jects. They included the reversal phase in their SCEP 
integral, and this may account for the smaller value 
that they obtained. 


In spite of differences in method, the SCEP data 
are more consistent among laboratory groups than 
is the time constant of primary OKAN (To in Table 
1). This consistency probably results from the pro- 
cedure by which the SCEP is calculated — that is, 
the SCEP is measured directly from the OKAN pro- 
file and is not affected by the fitting function chosen 
to represent the response. Furthermore, for the 
most commonly used fitting function (the three-pa- 
rameter model), one can describe the primary OKAN 
response completely by combining the SCEP and 
another directly measurable quantity, the initial ve- 
locity. The time constant of primary OKAN can 
also be calculated from the SCEP and the initial ve- 
locity by means of equations 4 and 5. However, be- 
cause reported normal values for the time constant 
vary markedly among laboratories (Table 1), the 
SCEP is a better choice of descriptive parameter for 
OKAN. 


We found that like the OKAN time constant and 
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Fig 3. Distributions in 30 normal subjects. A) Of optokinetic af- 
ternystagmus slow cumulative eve position (SCEP), Solid bars — 
SCEP calculated from individual SCEP values (n = 178), hatched 
bars —- SCEP calculated from average of six trials per person 
(three to left and three to right). B) Directional preponderance of 
SCEP. Solid bars — directional preponderance calculated from 
individual pairs of left-right trials, hatched bars — directional 
preponderance as calculated as difference between three trials to 
left and three to right, normalized to their sum. C) Optokinetic 
afternystagmus time constants. Solid bars — time constants cal- 
culated by SCEP method, hatched bars — time constants calcu- 
lated by semilogarithmic fit. 


initial velocity,’ the SCEP can have a large direc- 
tional preponderance in normal subjects. No other 
studies of directional preponderance of OKAN are 
available for comparison with our data. 


For the purpose of defining normal OKAN and 
identifying vestibular abnormality, it is important 
to realize that the distributions of the SCEP and the 
time constant are both skewed in the normal popu- 
lation. There is an absolute lower limit (zero) for 
each, and the distributions are scattered toward 
higher values. Significant skewing was present for 
both methods of calculating the time constant. Ana- 
lytically, it is easy to see why this might occur with 
the SCEP method. Consider the effect of a random 
deviation in initial velocity (Oo) that produces two 
estimates of initial velocity, O0— delta and Oo + del- 
ta. Because the time constant (Tc) is proportional to 
1/00, the errors in the time constant that correspond 
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to the random deviations in velocity are distributed 
asymmetrically about Tc; this creates a skew. Be- 
cause of the skewing, statistics that assume “normal” 
behavior in the mathematic sense do not apply. We 
recommend using percentile limits to separate nor- 
mal from abnormal behavior, with percentiles cal- 
culated directly from the frequency distribution, as 
illustrated in Table 2. 


Because of the skewing, comparisons among vari- 
ous methods of estimating OKAN parameters are 
difficult. Although the SCEP method of estimating 
the time constant had a larger SD than did the log- 
fit procedure, the lower fifth percentile limits were 
identical. As no disease has yet been identified in 
which the time constant of OKAN is abnormally 
long, the SCEP method could perform as well as the 
log-fit method for identification of pathologic ab- 
normalities. 
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LEPROMATOUS LEPROSY: NASAL MANIFESTATIONS AND 
TREATMENT WITH MINOCYCLINE 
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THOMAS A. TAMI, MD ROBERT H. GELBER, MD 
SAN FRANCISCO, CALIFORNIA 


Nasal involvement in lepromatous leprosy is universal and occurs early in the course of the disease. Nasal symptoms include 
obstruction, crusting, bleeding, and hyposmia. Traditional therapy with dapsone, rifampin, and clofazimine is limited by its cost and 
toxicity. Minocycline hydrochloride, a tetracycline antibiotic with limited side effects, is promising as a new treatment for leprosy. A 
case is presented that highlights the clinical presentation, diagnosis, and treatment of lepromatous leprosy. 


KEY WORDS — lepromatous leprosy, minocycline. 


INTRODUCTION range, 0 to 15 mm/h). Antinuclear antibody was 
negative. The rheumatoid factor was positive at titers 
of 1:640. The C3 was low at 74 mg/dL (normal range, 
88 to 177 mg/dL) and the C4 was 16 mg/dL (normal 


Although uncommon in the United States, leprosy 
affects 12 to 15 million people worldwide and in 
many countries is the most common cause of chronic 
nasal symptoms.! Most physicians educated in the 
United States receive little or no training or clinical 
experience in the diagnosis and treatment of leprosy. 
In light of current trends toward an increasing immi- 
grant population in the United States, the otolaryngolo- 
gist must be familiar with leprosy and its recognition, 
diagnosis, and management. A recently encountered 
case of lepromatous leprosy (LL) highlights the clini- 
cal presentation, diagnosis, and treatment of this 
problem. 


CASE REPORT 


A 27-year-old Colombian immigrant reported a 6- 
month history of nasal stuffiness, nasal obstruction, 
and intermittent bloody discharge. He also described 
a 2-year history of decreased sensation in the hands 
and legs. Nasal examination revealed a large anterior 
septal perforation with surrounding granulation tis- 
sue, mucosal thickening, and crusting. The skin of the 
malar region and pinna was erythematous and ichthy- 
otic. Hypertrophic scars were noted on the dorsum of 
the patient’s hands and forearms (Fig 1). Neurologic 
evaluation demonstrated hypesthesia and anhydrosis 
in a glove and stocking distribution. Muscle strength 
was normal. 


White blood cell count, differential count, electro- 
lyte count, and liver function test results were normal. 
Urinalysis results were normal. The erythrocyte sedi- Fig 1. Patient demonstrating malar erythema and skin 
mentation rate was elevated at 39 mm/h (normal lesions of forearms and hands. 
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range, 15 to 45 mg/dL). Nasal septal and earlobe 
biopsies demonstrated abundant acid-fast bacilli with 
granuloma consistent with the diagnosis of LL (Fig 
2). A 10-mm incisional biopsy of infiltrated skin of 
the right anterior thigh yielded 2.2 x 10’ acid-fast 
bacilli. A homogenate of this biopsy grew Mycobac- 
terium leprae convincingly in mice that was found 
sensitive to dapsone, rifampin, and clofazimine. This 
M leprae isolate was inhibited in mice fed 0.01% and 
0.04% minocycline hydrochloride in diet (serum 
level, s 0.17 g/mL). 


The patient was started on minocycline hydrochlo- 
ride, 100 mg orally daily for 3 months, as part of a 
clinical research protocol. This was followed by 
standard combination therapy consisting of dapsone 
and rifampin. Within 1 week of the initiation of 
minocycline, nasal congestion and epistaxis resolved 
and skin lesions showed regression; furthermore, 
viability of M leprae obtained from sequential skin 
biopsies was reduced to 0% at 2 months and subse- 
quently. Hypesthesia, however, persisted. 


DISCUSSION 


Leprosy is often referred to as “the oldest disease 
known to man.”? The earliest written records date 
back to 600 BC in India, where it was called kushta. 
Around 190 BC, the Chinese attributed leprosy to 
overcrowding, promiscuity, absence of hygiene, and 
dirt. Two mummies found in a burial ground in El- 
Bigha (upper Egypt) and traced back to the sixth cen- 
tury AD provide the earliest reliable skeletal evidence 
of leprosy. Leprosy was probably brought to the West 
between 327 and 326 BC by the soldiers of Alexander 
the Great from the Indian campaign, and Johannes 
Damascenus (St John of Damascus [ca 675-749]) 
was the first Western author to associate the name 
“lepra” with the disease. In 1873, Hansen, in Bergen, 


cilli typical of lepromatous leprosy. 


Norway, reported that leprosy was not hereditary, but 
was an infectious disease caused by a bacillus. 


Leprosy is caused by the acid-fast M leprae and, 
unlike Mycobacterium tuberculosis, is resistant to 
culturing on artificial media. Mycobacterium leprae 
has only been successfully grown in the cooler tissues 
of the foot pads of the mouse and the nine-banded 
armadillo (Dasypus novemcinctus). The generation 
time of M leprae in a mouse foot pad has been 
estimated to be 12.5 days, in contrast to only 24 hours 
required for M tuberculosis.’ The estimated incuba- 
tion time for leprosy is 3 to 10 years; it is the only 
bacterium that selectively invades peripheral nerves, 
causing irreversible cutaneous anesthesia and paraly- 
sis of muscles of the face and the extremities. 


Clinically, leprosy presents a spectrum of diseases 
and has been classified into five groups based on 
clinical, histopathologic, and immunologic findings: 
tuberculoid, borderline-tuberculoid, borderline, bor- 
derline-lepromatous, and lepromatous.*? These var- 
ied manifestations are a direct reflection of the vigor 
of the host’s cell-mediated immune response to M 
leprae and provide a unique model for the study of 
immunoregulatory mechanisms in humans.‘ At one 
end of the spectrum, patients with tuberculoid lep- 
rosy are hyperergic to M leprae, have few skin 
lesions, and rarely have identifiable organisms on 
microscopy. At the other extreme, patients with LL 
are anergic to M leprae and have multiple skin lesions 
containing abundant bacilli. The patient presented 
here was judged to have LL because of extensive skin 
and peripheral nerve involvement, nasal manifesta- 
tions, and histopathologic findings. 


In contrast to the absence of nasal involvement 
seen with tuberculoid leprosy, nearly all patients with 


Fig 2. Acid-fast stain of earlobe biopsy 
specimen demonstrating numerous ba- 
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LL have intranasal involvement early in the course of 
their disease, often occurring before manifestations 
of skin or nerve involvement.* Nasal symptoms often 
include obstruction, crusting, bleeding, and hyposmia. 
In one reported series of 77 patients, 94% reported 
nasal symptoms, 66% complained of obstruction, 
74% had crust formation, and 52% reported bleed- 
ing.® Obstruction is usually secondary to granuloma- 
tous infiltration of nasal mucosa and crusting. Epi- 
staxis is rarely severe, and blood-tinged discharge is 
more common. A 40% incidence of hyposmia has 
been reported. The degree of hyposmia is correlated 
with the extensiveness of lepromatous nasal involve- 
ment, sensory loss in the nose, and systemic manifes- 
tation.” Maxillary sinus mucosa — and less com- 
‚monly, the mucosa of the other paranasal sinuses — 
can also be involved.® The pinna, hard and soft palate, 
epiglottis, and larynx are other common sites of 
involvement in the head and neck. 


Early in the course of LL, examination of the nose 
is characterized by isolated nodules or plaques with 
pale, yellowish thickening of the nasal mucosa.® 
With progressive involvement there is generalized 
nodular infiltration of the mucosa with a predilection 
for the anterior inferior turbinate and the nasal sep- 
tum. Septal perforation, saddle deformity, and atro- 
phic rhinitis are late sequelae of this disease. Al- 
though nasal secretions harbor millions of live bacilli 
and are a common route of spread, viable bacilli can 
be eliminated within 1 week after treatment with 
rifampin or in several months with dapsone. 


Positive rheumatoid factors (RFs) have been re- 
ported in 5% to 58% of patients.? Among the different 
types of leprosy, LL is more frequently associated 
with the presence of RFs than tuberculoid leprosy. 
Presence of RFs in these patients is associated with 
chronic, progressive arthritis primarily affecting the 
large joints. As in rheumatoid arthritis, the RFs react 
more strongly with rabbit than human IgG. The exact 
significance of RFs in leprosy remains speculative. 


The standard therapeutic regimen for the treatment 
of leprosy consists of combination chemotherapy 
with dapsone and rifampin; clofazimine has also 
been used widely.!° Although other therapeutic op- 
tions used less frequently include ethionamide-pro- 
thionamide and streptomycin, the liver toxicity of 
ethionamide-prothionamide and the requirement to 
administer these agents parenterally sorely limit their 


use, especially in developing countries. Dapsone 
resistance is common, and daily treatment with rifam- 
pin is too expensive for most countries in which 
leprosy is prevalent. Clofazimine is associated with 
red-black skin pigmentation, and ethionamide therapy 
is frequently complicated by hepatotoxicity and gas- 
trointestinal intolerance. Thus, the standard thera- 
peutic regimen is limited by its cost and its side 
effects, and therefore a nontoxic therapeutic alterna- 
tive is most welcome. 


Minocycline, a tetracycline antibiotic, has been 
recently shown to be effective against M leprae 
infection in mice and humans.!°:!! The plasma mini- 
mal inhibitory concentration for M leprae was <0.2 
ug/mL, and the plasma level obtained with a standard 
adult dose of 100 mg of minocycline administered 
twice daily is 2 to 4 ug/mL, which is significantly 
above the minimal inhibitory concentration. In com- 
parison to the other antileprosy drugs, minocycline 
had greater bactericidal activity than each except 
rifampin, and was additive when combined with 
dapsone, kanamycin sulfate, and rifampin. In addi- 
tion, minocycline has been used chronically in pa- 
tients, especially in treatment of acne vulgaris, for 
over two decades and has been found to be relatively 
safe. Minocycline clinical trials in the treatment of 
leprosy are in progress; as demonstrated by the re- 
sponse in our patient, this antibiotic shows great 
promise. In the future, minocycline may either supple- 
ment or replace the current standard therapy for the 
treatment of leprosy. 


In summary, while infrequent in the United States, 
leprosy is a common disease in many parts of the 
world, In LL, nasal involvement occurs early and 
almost universally. Typically, the patient complains 
of nasal obstruction, crusting, bleeding, and hyposmia. 
Although nasal discharge, which harbors millions of 
bacilli, is a common route of spread, treatment re- 
duces the acid-fast bacillus count to zero within 
weeks. Prompt treatment prevents late secondary 
cosmetic deformities. Recently, minocycline has been 
shown to be promising as an effective and relatively 
safe chemotherapeutic agent in the treatment of lep- 
rosy. The case presented typifies the excellent clini- 
cal response documented in the ongoing clinical trial 
of minocycline. Leprosy should be included in the 
differential diagnosis for patients with chronic nasal 
symptoms so that the potential morbidity that occa- 
sionally accompanies this disease can be avoided. 
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A free revascularized compound perichondrial flap was used over an intralaryngeally placed stent for reconstruction of a frontal la- 
ryngeal defect. The microvascular flap replaced the cartilaginous and mucosal defect. Short-term results showed successful reconstruction 
with a patent airway and viable mucosa. The vascularized sheet of perichondrium was not chosen for its neochondrogenetic effect, but it 
served as a vascular bed, nourishing the mucous and cartilaginous components in the compound flap. It is suggested that for clinical pur- 
poses the reliable fascia forearm flap, which is available in large amounts, can be used as a transferable vascularized bed with a thickness 


comparable to that of the perichondrial flap. 


KEY WORDS — laryngotracheal surgery, microvascular flap, perichondrium, reconstruction. 


INTRODUCTION 


Several specific conditions must be fulfilled to en- 
sure successful results in laryngotracheal reconstruc- 
tion. For the reestablishment of the airway, recon- 
struction techniques require restoration of a muco- 
sal component and a cartilaginous component.’ 
Clinically applicable techniques need to be well 
vascularized and one-stage. A mucosal layer, how- 
ever, is not an essential prerequisite in the recon- 
struction of a full-thickness laryngeal wall defect. 
Some reports clearly demonstrate that respiratory 
mucosal migration is possible over a well-vascu- 
larized. fascial, perichondrial, or periosteal layer.? 


Many techniques have been proposed for laryn- 
gotracheal reconstruction.*-*° Only a few of them 
respond to the requirements of internal lining, sup- 
port, and vascularization. The epithelialized micro- 
vascular iliac crest flap? and the preformed auric- 
ular cartilage composite graft’° fulfill the basic re- 
quirements, but are two-stage procedures. The oth- 
er proposed regional flaps are poorly nourished 
through small muscle insertions or have unfavor- 
able surfaces for receiving a mucosal layer. At the 
moment, there are no reliable reconstruction meth- 
ods available for large tracheal defects. For la- 
ryngeal reconstruction, the epiglottis can be used as 
an advancement flap for repair of a frontal laryn- 
geal thyroid defect.'! This is an effective and rela- 
tively simple one-stage surgical approach with good 
functional results, +% 


Because of the different problems met in laryngo- 
trachea] tissue repair, it is preferable to perform an 
end-to-end reanastomosis if feasible in cases of su- 


praglottic laryngectomy and tracheal resection 
(with a maximum of 5 cm) to restore the continuity 
of the respiratory tract. 


In recent years, microvascular surgery has revo- 
lutionized reconstruction in most areas of surgery. 
However, it is remarkable that only one account of 
laryngotracheal reconstruction using a revascular- 
ized microvascular flap is found in the literature. 
Kambič et al? reported in 1986 the idea of resolving 
a subglottic laryngeal stenosis with an epithelialized © 
microvascular iliac crest flap. They obtained a good 
result in one patient after a follow-up period of 6 
months, As mentioned above, it is a two-stage pro- 
cedure, and the reliability of a piece of bone used to 
restore a laryngeal or tracheal wall defect can be 
questioned. Rigid bone grafts cannot conform to the 
aon of a laryngotracheal defect with a tight 
seal, 


The clinical value of a reliable reconstruction 
technique is evident: functional repair of the upper 
respiratory system after tumor resection, trauma, or 
removal of stenotic segments. With the require- 
ments of lining, vascularization, and support in 
mind, we created a one-stage reconstruction meth- 
od with hopeful short-term experimental results. 
The keystone of the technique is a thin, pliable re- 
vascularized sheet of auricular perichondrium that 
is available in large amounts in the rabbit. The well- 
vascularized perichondrium can be turned over 180° 
with preservation of its distal vascularization, pro- 
viding a vascular bed for the cartilage graft, for re- 
construction of thyroid cartilage mucosa and an an- 
terior cricoid defect. The internal distal layer of the 
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LARYNGEAL VASCULARIZED 
TRACHEAL —— ’ PERICHONDRIUM 
STENT ! 
ORAL 
MUCOSA 
CARTILAGE 
(HOMOGRAFT) 


Fig 1. Operative procedure. A) Perichondrial flap with proximal vascular pedicle. Large arrow — central auricular artery, small 
arrow — central auricular vein. B) Intralaryngeal silicone stent over which reconstruction was performed with anterior commis- 
sure (large arrow) and impression of arytenoid cartilage (small arrow). C) Freshly preserved laryngotracheal cartilage. Only thyroid 
cartilage homograft was used. 1 — cricoid cartilage, 2 — thyroid cartilage, 3 — epiglottis, 4 — tracheal cartilage. D) Principle of 
reconstruction: revascularized perichondrial flap grafted on its outer surface with full-thickness oral mucosa graft. Homogenous 


cartilage graft is protected within vascular bed of perichondrium. 


perichondrial graft can receive a mucosal graft or 
can be used as viable framework over which reepi- 
thelialization can occur from the marginal epitheli- 
um surrounding the defect when no mucosal layer is 
provided. 


MATERIAL AND METHODS 


Ten New Zealand white rabbits weighing 2 to 2.5 
kg were operated on. A compound perichondrial 
flap'* from the right ear was transplanted to the 
neck and sutured to the neck vessels for revasculari- 
zation after insertion in the laryngeal defect. 


Operative Procedure. Inhalation anesthesia in a 


half-open system was used after intramuscular in- 
duction of anesthesia. The induction was with Hyp- 
norm (Duphar, Belgium) administered intramuscu- 
larly at 0.4 mg/kg body weight. Five minutes after 
induction, a mixture of oxygen and nitrous oxide 
was given through a mask. The perichondrial graft 
was harvested from the right ear after elevation of 
the skin. A 4 x 10-cm piece was elevated on its vas- 
cular pedicle, consisting of the central auricular ar- 
tery (0.75 to 1.0 mm external diameter) and vein 

1.0 to 1.25 mm external diameter; Fig 1A). Before 
laryngeal resection, an endotracheal intubation was 
performed through a tracheotomy incision. The 
thyroid cartilage with mucosa and both vocal cords 
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were removed. A piece of full-thickness oral muco- 
sa, measuring 2 x 2 cm, was taken from the buccal 
region and sutured over the silicone laryngeal stent 
(Fig 1B) to the laryngeal mucosal remnants. Inter- 
rupted 8-0 nylon sutures were used with the knots 
lying outside the lumen. With the same suture ma- 
terial, the perichondrium was stitched to the sub- 
mucosa of the oral graft so as to provide a vascular 
bed for the free mucosal graft. An extra, centrally 
placed stitch gave a better contact between the free 
graft and the perichondrium. The distal end of the 
perichondrial graft was sutured to the right side of 
the mucosal graft. A freshly preserved thyroid carti- 
lage homograft (Fig 1C) was brought over this sec- 
ond layer and attached with 8-0 nylon sutures. The 
perichondrial flap was turned over 180° at the left 
side of the transplanted cartilage and fixed to the 
thyroid homograft. Revascularization took place by 
an end-to-side arterial anastomosis with the right 
common carotid artery and an end-to-end venous 
anastomosis with the right external jugular vein 
(11-0 nylon; Fig 1D). 


The free oral mucosal graft was well supported 
internally by the stent, which was fabricated from 
an impression of the normal rabbit laryngeal lu- 
men. In this way there was a tight contact with the 
vascularized perichondrium graft bed, which made 
the necessity for a two-step procedure obviated. 


The treatment and care of the rabbits were ac- 
cording to the rules of the American Physiological 
Society. Ambi-pen (penicillin G suspension, 30,000 
U/100 mg) was administered for prophylaxis. The 
laryngeal stent was removed after 3 weeks. During 


anesthesia the tracheotomy opening was closed and 
the patency of the laryngeal lumen was assessed by 
clinical evaluation of respiratory function. One 
hour after tracheotomy closure, methylene blue was 
injected in the central auricular artery. After injec- 
tion, the rabbits were painlessly killed for histologic 
evaluation of the reconstruction site. All biopsy 
specimens were processed according to the classic 
hematoxylin and eosin staining technique. 


RESULTS 


One animal had an infection of the neck wound 
with vascular thrombosis of the vascular pedicle. It 
was not clear if a primary thrombosis or a primary 
infection with subsequent thrombosis was the rea- 
son for reconstruction failure. 


The other animals displayed a normal breathing 
pattern clinically without signs of stridor after re- 
moval of the laryngeal stent and closure of the tra- 
cheotomy. In 9 of the 10 rabbits there was a patent 
vascular anastomosis after 3 weeks. A blue discolor- 
ation of the whole perichondrial length was seen af- 
ter intraarterial methylene blue injection, which 
proved the viability of the flap even at its distal end, 
There was a close color match between the mucosa 
of the reconstructed part and the surrounding nor- 
mal laryngeal mucosa on postmortem macroscopic 
examination. 


The epithelium of the reconstructed laryngeal 
mucosa consisted of nonciliated squamous cells (Fig 
2A). The oral mucosa graft took successfully on its 
revascularized perichondrium bed. The homoge- 
nous cartilage grafts were well preserved in all cases, 
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with a viable appearance of the chondrocytes with- 
in the lacunae. The chondrogenetic capacity of the 
vascularized perichondrium after 3 weeks was in 
accordance with the findings by Donski and 
O’Brien'®: formation of a cartilage plate with ma- 
ture cartilage cells (Fig 2B). 


DISCUSSION 


The short-term results of the chondral-reinforced 
perichondrial flap point out that the reconstruction 
technique offers a reliable tool for experimental la- 
ryngeal reconstruction. With this technique, the 
wall of a full-thickness laryngeal defect is replaced 
by four layers. The free mucosal and cartilage grafts 
are nourished through a thin, pliable and continu- 
ous revascularized sheet of tissue. The perichondrial 
layer provides a bed for survival of the free mucosal 
graft. The disadvantage of this experimental tech- 
nique is the need for a laryngeal stent to assure a 
good internal support keeping the mucosal graft in 
close contact against its vascular bed. Use of a la- 
ryngeal stent in clinical cases gives some problems, 
and it is expected that the chance for successful re- 
construction is enhanced without the use of stents. 
We fully agree with Peacock and Van Winkle,’ 
who stated that there is no question that a laryngo- 
tracheal stent is deleterious to the basic mechanisms 
of wound healing. The same reconstruction is possi- 
ble without the use of a laryngeal stent if no muco- 
sal graft is provided. In these circumstances, a spon- 
taneous reepithelialization over the perichondrial 
layer is looked for. There are, however, no quanti- 
tative data available indicating over how large an 
area reepithelialization is possible without provok- 
ing granulation and fibrous tissue formation. A car- 
tilaginous framework defect is best replaced by car- 
tilage. In this experimental study, the homogenous 
thyroid cartilage graft provides the necessary sup- 
port to the airway. Autogenous cartilage grafts are 
preferable, but not always available for reconstruc- 
tion of larger defects. 


Autogenous rib cartilage is the ideal source if a 
small amount of cartilage is needed, as for lumen 
augmentation to resolve cricoid stenosis. In cases in 


which greater areas of rigid support have to be re- 
constructed, the use of freshly preserved homoge- 
nous thyroid cartilage can be a good alternative. 
Cartilage homografts have an immunologic privi- 
lege, because they can be transplanted without pro- 
voking an immune response.’” As pointed out by 
Curran and Gibson in 1956,*° freshly preserved car- 
tilage retains some metabolic activity for at least 6 
weeks when stored at 4°C and regains a part of its 
original metabolic activity after transplantation. A 
vascularized perichondrium flap wrapped around 
the cartilage graft can be seen as a protective vascu- 
lar bed, isolating the graft from the surrounding tis- 
sues. 


The clinical equivalent of the experimental peri- 
chondrial flap is the free revascularized fascia flap. 
The physical characteristics of perichondrium and 
fascia flaps are completely comparable except for 
the neochondrogenetic effect typical of perichon- 
drium grafts. The value of a vascularized fascia flap 
has been emphasized by different authors. !°?° 


A fascia flap can be harvested with minimal or no 
donor site defect and brings some vascularity to 
areas lacking a blood supply because of irradiation 
and scarring. The excellent pliability and vasculari- 
zation could be very useful in laryngotracheal re- 
construction. Among the fascia flaps, the radial 
artery fascia free flap is the most useful because of 
the great amount of tissue that is available and be- 
cause of its long pedicle containing vessels of a di- 
ameter that makes revascularization easy.” 


CONCLUSION 


The compound revascularized perichondrial flap 
lends itself particularly well to the theoretic re- 
quirements of laryngeal reconstruction. This experi- 
mental study has proven the capability of the peri- 
chondrial flap in receiving a mucosal graft and in 
protecting a cartilage homograft within a vascular 
bed. Further long-term examination continues to 
assess spontaneous reepithelialization over peri- 
chondrial flaps and the possibility of circumferen- 
tial use of the flap in tracheal reconstruction. 
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EXPERIMENTAL BLUNT INJURY TO THE LARYNX 


SHIANN YANN LEE, MD, FICS 


TAEL TAIWAN, REPUBLIC OF CHINA 


KEY WORDS — blunt injury, experimental trauma, human larynx. 


INTRODUCTION around the laryngeal framework were removed, ex- 
Trauma of the larynx due to anterior neck injury cept the thyroid gland and strap muscles. The speci- 
has become an important problem for the otolaryn- mens were preserved in 10% formalin solution for 
gologist because of the increasing incidence and se- about 2 years before the present experiment. Speci- 
verity of traffic accidents.' Besides, a wide variety Piste ere selected only if there were no gross ana- 
of mishaps may cause external laryngeal injuries: tomic abnormalities, with the exception of two 
gunshot and stab wounds and strangulation in com- cases in which tracheostomy had been performed at 
bat,? sports trauma,?* and sharp or blunt anterior the level of the third to fourth tracheal rings. The 
neck injuries in industrial fields.© Many articles age of the patients ranged from 2 to 83 years in 
have clearly elucidated the causes and symptoms males and from 4 to 81 years in females. 
over the past decades.”? But so far, it seems to this An experiment “scaffold” (Fig 1) was established 
author, a recognized format for the management of to provide an impact upon the anterior surface of 


acute laryngotracheal injuries and chronic stenosis 
has not been established. 


The endolaryngeal space relies on the integrity of 
the laryngeal cartilaginous structure. Thus, when 
fracture of the cartilages has occurred, the lumen 
will become narrowed, stenosed, and deformed in 
the course of time. Therefore, early definitive diag- 
nosis is important, and adequate management in- 
cluding open reduction of the fractured cartilages is 
mandatory in certain cases.'°"! 


The purpose of this paper is to observe the pattern 
of fracture lines on the laryngeal cartilage induced 
by experimental external blunt trauma in 100 hu- 
man laryngeal specimens. It was expected that these 
experimental data would provide important infor- 
mation on the nature of the fracture lines and possi- 
ble clinical symptoms or findings, which would 
consequently lead to better estimation of the lesion 
and surgical treatment. '? 


MATERIALS AND METHODS 


One hundred larynges from patients who died of 
conditions unrelated to the larynx were obtained. 





Each specimen consisted of the larynx with four tra- r ig 1. Experimental scaffold tor blunt impact on human 

Ta | i arynx. Bent lead pipe 2.0 kg in weight with blunt head 2 x 
cheal rings attached to it and was taken at autopsy 2 em in size was hung 100 cm above specimen, which was 
from 50 males and 50 females. All the soft tissues fixed on wooden board. 


smn yp i n aaan ie ries} herr tau n a i a A a A ai a a a ae a E a AY tet AAPL i RTT TTA TT WtCe thst ATRIA RAP RAY RAY Ah ebb MAMARLHIULIRTAEAIE AIRMAIL aa A TTT TT A MOAR TA Letnany a aI AMAA AU RI RA RR LSS e 


REPRINTS — Shiann Yann Lee, MD, FICS, Dept of Otolaryngology, National Taiwan University Hospital, 1 Chang-Te St, Taipei, Taiwan, Republic 
of China. 


270 


i. 


Lee, Experimental Blunt Injury to Larynx 


hae Fi at 
7 iM Aa 3 

AN EN M 
AY Nea TA 


4 


seS Y 
Rave, ogag 


Á lip sca i‘ 7 
Vani ti. d } 
{Ne MaDe 

ae 

bait, 


HAA MASUR 
ARINE, 


(are 
R 
h h 


Fig 2. All fracture lines composed and put together 
(n = 100). 


the specimen. A blunt impact was generated with a 
2.0-kg weight falling from a 100-cm distance. A 
pilot study revealed that this impact was the mini- 
mal tolerance of the laryngeal cartilage to develop- 
ing fracture lines." Therefore, 2.0 kg was chosen. 
The author assumed the experimental impact was 
comparable to the force elicited when the larynx 
hits an object at a velocity of 50 km/h, provided 
that the larynx weighs 0.2 kg. A bent lead pipe 2.0 
kg in weight with a blunt head 2 x 2 cm in size was 
hung 100 cm straight above the specimen, which 
was put with the anterior surface up and bandaged 
and fixed on a wooden board. 


The specimens were impacted in the anteroposte- 
rior direction by the free-fall gravity of the lead 
pipe to induce experimental collision. Each speci- 
men was given a single impact. Impact was inflicted 
on four regions: at the level of the thyroid notch, on 
the middle portion of the thyroid cartilage, on the 
cricothyroid membrane, and on the cricoid. Four 
regions were marked with india ink on the bandage. 
After the single impact, each larynx was dissected 
and the remaining soft tissues around the larynx 
were removed except for the perichondrium. The 
hyoid bone, thyroid cartilage, cricoid cartilage, and 
tracheal rings were exposed to examine the fracture 
line or laceration of the perichondrium. 


According to the pilot study and clinical experi- 
ence, the severity of fracture was classified into four 
grades as follows: grade 0, no fracture; grade 1, sin- 
gle or multiple fractures on one cartilage without 
laceration of the perichondrium; grade 2, single or 
multiple fractures on one cartilage with laceration 
of the perichondrium, or fractures on two carti- 
lages; and grade 3, fragmentation of one or two car- 
tilages, penetrating injury, or collapse of the entire 
laryngeal structure. The characteristic patterns of 
fracture differed with the location of the impact. 
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Fig 3. Fracture severity (n = 100 cases). A) Percentile dis- 
tribution in each age group. B) Distribution in each age 
group and both sexes. C) Age distribution (Ridit [relative 
to an identified distribution] analvsis). 


All fracture lines in each type of impact were super- 
posed together in a schematic drawing, shown in 
Fig 2. 


RESULTS 


In this series of experimental laryngeal trauma in 
50 males and 50 females, there was no evident sex 
difference in the severity of fracture with reference 
to age distribution (Fig 3A). Therefore, both sexes 
were grouped together for further observation (Fig 
3B). Severe injuries (grades 2 and 3) occurred in the 
young (under 20 years) and old (over 61 years) age 
groups. Mild fracture developed in the middle age 
groups more frequently. There were 50 cases with 
grade | fracture, the distribution of which was 
rather homogeneous among age groups (Fig 3C). 


When a force was applied in 31 cases to the thy- 
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Fig 4. Fracture line distribution. A) When impact was ap- 
plied to upper thyroid cartilage (n = 31). B) When impact 
was applied to middle portion of thyroid cartilage (n = 27). 
C) When impact was applied to cricothyroid region 
(n = 20). D) When impact was applied to cricoid (n = 22). 


- roid notch or upper portion of the thyroid cartilage 
(Fig 4A), the fracture lines scattered over the para- 
median area of the bilateral lamina and condensed 
on the upper border of the thyroid cartilage. The 
fracture lines all appeared in the longitudinal direc- 
tion. With impacts in 27 cases on the middle portion 
of the thyroid cartilage at the glottic level (Fig 4B), 
the fracture lines concentrated in the central zone of 
this cartilage and involved the thyroid notch. Dur- 
ing the dissection of the specimen, overlapping of 
fractured thyroid alae was noted in some cases. The 
fracture lines appeared in vertical, oblique, and 
horizontal directions, crossing over the lamina. 
When the impact was aimed at the cricothyroid 
membrane in 20 cases, the force was inevitably ex- 
erted on both the thyroid and cricoid cartilages. 


Thus, fracture lines often extended to both car- 
tilages. The fracture lines centered around the me- 
dian part of the thyroid cartilage and the anterior 
portion of the cricoid (Fig 4C). Also, laceration of 
the cricothyroid membrane was frequently noted. 
When the weight directly hit the cricoid cartilage in 
22 eases (Fig 4D), the injury could reach the tra- 
cheal rings, but most of the fracture lines were scat- 
tered diffusely over the cricoid arch. The fragmen- 
tation of the cricoid cartilage was also noted in some 
cases. 


The patterns of all fracture lines were combined 
as shown in Fig 2 to reveal a trauma concentration 
over the central third of the thyroid and cricoid car- 
tilages. 


DISCUSSION 


In this study, the force (F) was estimated as F = 
mgh (law of free fall), where m = 2.0 kg and h = 100 
em. (The symbol g stands for the acceleration of 
gravity.) The experimental setting can be assumed 
as comparable to the condition of a hypothetic traf- 
fic accident when the larynx is moving with a con- 
stant velocity (V) and hits a wall. Since the average 
weight of the laryngeal specimen was about 0.2 kg 
(M), V was calculated as 50.4 km/h, according to 
the equation 1/2 (M)V? = mgh. 


The specimen was so prepared as to simulate clin- 
ical conditions as exactly as possible. The bandage 
can be comparable to the neck skin. and soft tissue 
layers. Another purpose of the bandage was to pre- 
vent sharp injury but produce a ‘blunt collision. The 
wooden board was used to represent the cervical 
vertebrae, and fixation was to keep the specimen in 


place just as in the anterior neck. 


Because the specimens were preserved in 10% 
formalin solution for more than 2 years, the carti- 
lage might have become more fragile and less elastic 
than in the fresh specimen. Therefore, it must be 
taken into consideration that the laryngeal tolerance 
was somewhat decreased in this experiment. 


In the experiment, there were four impact loca- 
tion groups. The cricothyroid membrane and cri- 
coid cartilage were viewed as two independent sites. 
Clinically, however, each of the two sites is too 
small to be separated in blunt trauma. In fact, pure 
cricothyroid membrane laceration or single cricoid 
fracture is quite unusual, and the latter is often ac- 
companied by fracture of the thyroid cartilage or 
collapse of the tracheal rings. But in this study, a lo- 
calized impact upon the cricoid cartilage was ap- 
plied and it was found that only one case developed 
fracture of the tracheal rings in addition to cricoid 
fracture. Since the site of the impact was too local- 
ized, it was not particularly related to the grading 
of severity. 


As for changes of the larynx with age, mineraliza- 


ay 
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tion of the thyroid cartilage was reported to begin 
after the age of 18 in both sexes. '*-'5 It starts in the 
lower horn and progresses cranially along the poste- 
rior border and anteriorly. In the normal popula- 
tion, 50% have complete ossification or calcifica- 
tion of the thyroid notch after middle age. No sig- 
nificant sex difference has been found in the miner- 
alization pattern of the cricoid cartilage, and ossifi- 
cation or calcification spreads from the body of the 
cartilage, although calcium deposition may be ab- 
sent even in the oldest patient. In this experiment, 
the fracture lines were confined almost to the ante- 
rior one third of the thyroid cartilage and the ante- 
rior portion of the cricoid. It appeared that the dis- 
tribution of the fractures corresponded to the physi- 
ologic extent of ossification or calcification of the la- 
ryngeal cartilages. The high incidence of severe 
fracture (grades 2 and 3) was noted in the oldest age 
groups, especially over 61 years. Thus, the physio- 
logic mineralization of the cartilage seemed to play 
an important role in laryngeal trauma. These ex- 
perimental results showed that grade 3 fracture also 
occurred in the young age groups (under 20 years), 
and the majority of the cases developed entire la- 
ryngeal collapse. The reason might be that the 
young larynges were so fine and small that they 
could not tolerate the impact weight. Clinically, la- 
ryngeal trauma is rare in young age groups, but it 
will be a fatal situation should it occur as observed 
in this experimental condition. 


Generally, by the “hammer and anvil” or “peeling” 
effect, laceration of the perichondrium develops. 
The mucosa and perichondrium are crushed, torn, 
or stripped. Bleeding and hematoma formation 
then ensue. Laceration of the perichondrium may 
induce perichondritis and even cartilage necrosis. 
The soft tissue may be exposed into the laryngeal lu- 
men, and subsequent proliferation of granulation 
and fibrous tissue may occupy the laryngeal space 
several weeks later, The patient will lose his or her 
respiratory tract and phonatory function, or keep a 
permanent tracheostoma with decannulation diffi- 
culty. In this experiment, dissection and observa- 
tion of the fractured thyroid cartilage revealed that 


laceration of the perichondrium on the anterior sur- 
face frequently combined with overlapping of the 
cartilage. Occasionally, the mucosa was not torn 
and the endotracheal space was still patent. How- 
ever, if fracture of the thyroid cartilage was accom- 
panied by fragmentation of the cricoid cartilage, 
deformity of the laryngeal contour and displace- 
ment of the laryngeal box were almost always noted 
and angulation of the airway was found at the cri- 
cothyroid junction together with a tear in the sub- 
glottic mucosa. Therefore, this type of injury should 
be considered critical. 


On the basis of the results of this experimental 
study of laryngeal trauma, it appears that most 
damage is inflicted on the middle third of the ante- 
rior thyroid cartilage and cricoid arch. The luminal 
narrowing of the airway in the cricothyroid region 
is commonly due to collapse of the anterior wall, 
which will be found with much more severe patho- 
logic change. The cartilage defect may be noted 
over this part in chronic cases. The present experi- 
mental study of 100 human larynges will contribute 
much information in the treatment of laryngotra- 
cheal stenosis caused by blunt external neck injury. 


SUMMARY 


Experimental trauma was inflicted on 100 laryn- 
geal specimens taken from 50 male and 50 female 
cadavers. A blunt impact was generated with a 2.0- 
kg weight falling from a 100-cm height downward. 
The experimental results showed that there was no 
definite sex difference in the severity of laryngeal 
fracture. Fracture lines were observed and traced. 
They were distributed and concentrated over the 
middle third of the thyroid cartilage and the 
anterior portion of the cricoid arch. Cricothyroid 
fracture is considered to be a critical injury. 
Clinically, open reduction by exploration of the ste- 
notic laryngotracheal structure is mandatory. 


In reconstructive surgery, it should be considered 
that the majority of tissue damage is distributed 
over the anterior wall of the laryngotrachea. 
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IMAGING CASE STUDY OF THE MONTH 


THREE-DIMENSIONAL COMPUTED TOMOGRAPHY IN A CASE OF 
CRANIOFACIAL FIBROUS DYSPLASIA 


EDWARD J. RICCIARDELLI, MD 


JAMES A. BORROW, MD 


SEATTLE, WASHINGTO 


Multiplanar reformatted computed tomography 
(MPR-CT) has proven useful in providing global 
anatomic reconstructions of complex craniofacial 
disorders. Head and neck surgeons have docu- 
mented the role of three-dimensional (3-D) CT in 
selected cases of craniofacial trauma, neoplastic dis- 
ease, and congenital disorders. 
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KATHLEEN H. MAKIELSKI, MD 





We present a case of craniofacial fibrous dyspla- 
sia involving the maxillary, sphenoidal, frontal, 
and zygomatic bones imaged by conventional and 
MPR-CT radiographs. The 3-D image provided valu- 
able information to the surgeon and patient during 
the preoperative counseling period in discussing 
surgical options. The images also proved useful in- 


Fig 1. Preoperative status. A) Photograph 
demonstrating left facial asymmetry. B,C) 
Axial computed tomograms demonstrating 
dysplasia. B) Sphenoid, ©) Maxilla. 
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traoperatively in assessing the limits and volume of 
bony contouring. 


Fibrous dysplasia is a congenital, nonhereditary, 
benign bony lesion characterized by an idiopathic 
proliferation of fibro-osseous matrix in the long bones 
and/or calvaria of affected individuals.’ While it 
may present as monostotic or polyostotic disease, 
the monostotic form is four times more common. 
Approximately one third of patients with monostot- 
ic disease will have craniofacial involvement, usual- 
ly of the maxillary, frontal, or sphenoid bones. These 
patients may present with a myriad of cervicofacial 
symptoms including sinusitis, epiphora, nasal ob- 
struction, hearing loss, and blindness.’ 


Surgical therapy is indicated in cases of cranial 
nerve compression or in cases of severe cosmetic de- 
formity for which the patient desires intervention. 
Spontaneous regression is rare. Radiotherapy is in- 
effective and has been associated with malignant 
transformation, Recommended surgical intervention 
ranges from simple bony contouring to removal, re- 
modeling, and replacement of dysplastic bone. Re- 
current dysplastic enlargement will occur in ap- 
proximately 25% of lesions treated by simple con- 


Fig 2. Reconstructions. A) Opera- 
tor-generated outlines around nor- 
mal right maxilla and dysplastic 
left maxilla to aid in calculating 
volume of abnormal bone to be re- 
sected. B,C) Reconstructed three- 
dimensional computed tomograms 
of isolated maxillary bones. B) 
Normal side. C) Dysplastie side. 


touring of the affected bone.* 


Given the complexity of overlapping structures 
on craniofacial plain films and the sometimes var- 
ied appearance of this type of osseous metaplasia, 
CT has proven useful in 1) establishing the diagnosis 
and 2) defining specific bony involvement as well as 
the extent of disease. In addition, CT data now 
provide the material from which multiplanar and 
3-D images can be generated and manipulated to 
assist in preoperative planning and follow-up. 


While axial CT affords detailed bone imaging, 
reconstructive surgeons have documented the ad- 
vantages of multidimensional CT scanning in pro- 
viding a global anatomic image of complex cranio- 
facial disorders.” We present a case of hemifacial 
maxillary and sphenoid fibrous dysplasia with se- 
vere facial asymmetry in which the use of 3-D CT 
imaging aided greatly in patient counseling, preop- 
erative planning, operative resection, and postop- 
erative follow-up evaluation. 


CASE REPORT 


A 30-year-old woman presented for evaluation 
and treatment of asymptomatic left facial asym- 
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Fig 3. Reconstructed three-dimensional computed tomograms of A,B) preoperative deformity and C,D) postoperative results. 


metry (Fig 1A). The deformity had progressed since 
childhood but had remained stable over the past 10 
years. She denied any symptoms of diplopia, epiph- 
ora, pain, nasal obstruction, or paresthesias. She 
had no history of skin lesions, precocious puberty, 
or other endocrine abnormalities. Physical exami- 
nation was confirmatory for the left facial asym- 
metry without cranial nerve findings or other ab- 
normalities. Her metabolic evaluation was normal, 
including a normal alkaline phosphatase level. 


Computed tomographic scanning was performed 
on a Picker 1200 SX scanner in axial 4-mm scans 
with a l-mm overlap with use of a modified bone 
algorithm. Processed images were then transferred 
to an independent work station (Maxiview, Dimen- 
sional Medicine, Inc, Minnetonka, Minn) for the 
generation of 3-D-rendered preoperative and post- 
operative images. These were created by establish- 
ing a region of interest around the area of each axial 
CT image to be included in the 3-D reconstruction. 


The preoperative CT scans show the typical dif- 


fuse sclerosis and enlargement of affected bone in 
this patient with involvement of the entire left max- 
illa, the greater wing of the sphenoid, the body of 
the left zygoma, and the inferior aspect of the left 
frontal bone (Fig 1B,C). Hypothetical postopera- 
tive images were created preoperatively by using a 
cursor and track ball system on each image to be in- 
cluded in the 3-D-rendered volume. The area of the 
maxilla remaining on each “resected” image could 
be compared to the normal right side either by ap- 
pearance alone or by outlining the same region of 
the normal (right) side, then by calculating and 
comparing both the normal and abnormal! areas 
(Fig 2A). In addition to being viewed in continuity 
with the normal facial bones and skull, the affected 
area could also be viewed in isolation. Complete or 
isolated 3-D renderings could be rotated in any 
plane or at any angle to view the deformity from 
any perspective (Fig 2B,C). 


In preoperative consultation with the patient, the 
options discussed included simple bony contouring 
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of the maxilla versus resection and remodeling of 
the maxilla together with the orbital floor and fron- 
tal bone via a craniofacial approach. With the aid 
of MPR-CT imaging, the patient was able to visual- 
ize the extent of bony involvement as well as the 
areas of planned surgical correction. She elected to 
proceed with the less radical contouring operation 
with the goal of alleviating the cosmetic deformity. 
The procedure was performed through a limited fa- 
cial degloving approach, exposing the affected left 
maxilla and lateral buttress. Facial symmetry was 
achieved with sculpturing osteotomies and cutting 
bur drilling of the dysplastic maxilla. 


A review of postoperative 3-D images shows that 
much of the bone was excised from the anterior-in- 
ferior and middle aspects of the maxilla (Figs 3 and 
4A,B). Remodeling of the left lateral buttress and 
face of the left maxilla has approached the contour 
of the normal right maxilla (Fig 4C). 


DISCUSSION 


Reconstructive 3-D CT scanning has become a 
valuable adjunct in the imaging of craniofacial and 
midfacial skeletal deformities. Reconstructive sur- 


Fig 4. Postoperative results. A,B) Oblique views. C) Patient’s postop- 
erative appearance. 





geons have documented its usefulness especially in 
determining the volume and shape of bone grafts 
needed for reconstruction of defects after complex 
facial trauma, tumor ablation, and craniofacial 
surgery for congenital disorders, as well as deter- 
mining orbital volume and complex temporoman- 
dibular joint disorders.** 


In this case, surgical options included 1) simple 
contouring of the maxilla and 2) subtotal craniofa- 
cial resection of the dysplastic bone with remodel- 
ing and replacement of the affected segment. In 
planning the surgical approach, axial CT delineated 
the extent of maxillary and sphenoid dysplasia quite 
well. In consultation with the patient, however, 
MPR-CT imaging proved to be invaluable in provid- 
ing a global, lifelike view of the facial skeletal ab- 
normality to the patient. By seeing rotation and cut- 
away views of the craniofacial complex, the patient 
was able to visualize the extent of abnormal bone 
and was more easily able to make an informed deci- 
sion concerning the options of surgical resection 
versus contouring. The patient in this case elected 
to alleviate the cosmetic deformity with simple con- 
touring of the maxilla rather than undergo a more 
radical resection with remodeling and replantation. 
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The 3-D views provided a conceptually superior, 
nonsegmental image of the lesion to the surgeon. Al- 
though no volume measurements of the dysplastic 
bone were calculated, repeated intraoperative ref- 
erence to the image was used to aid in the reshaping 


and sculpting of the lateral zygomaticomaxillary 
buttress on the affected side. We believe that 3-D 
reconstructed images are of value in selected cases 
of craniofacial fibrous dysplasia in which bony con- 
touring is planned to achieve facial symmetry. 
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IMAGING CASE STUDY OF THE MONTH 


METASTATIC TUMOR PRESENTING AS CHRONIC OTITIS AND 
FACIAL PARALYSIS 


DAVID S. MARTIN, MD 


JAMES BENECKE, MD 


COREY MAAS, MD 


ST Louis, MISSOURI 


CASE REPORT 


A 71-year-old man presented with a 4-week his- 
tory of right-sided facial paresis of insidious onset. 
He reported a long history of intermittent otorrhea 
that began after a traumatic perforation of the tym- 
panic membrane. The patient denied tinnitus or 
vertigo. Additionally, he relayed a history of right 
shoulder pain and auricular paresthesia. 


The patient had a medical history of recurrent 
pneumonia, chronic obstructive pulmonary disease, 
and peptic ulcer disease. He had undergone partial 
gastrectomy and saphenous vein stripping in the 
past. He had a 60-pack-year history of smoking and 
admitted to occasional use of alcohol. 


On physical examination, a grade 6 (House- 
Brackmann) right-sided facial nerve paralysis was 
noted. His tongue deviated to the right. The re- 
mainder of the findings on cranial nerve examina- 
tion were unremarkable. Otorrhea was observed 
from the right ear with ceruminous debris filling 





Fig 1. Asia computed tomograms. A) Demonstrating right mastoi 


styloid process, showing mass (arrows). 
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id opacification and adjacent bone destruction. B) At level of 


the right external auditory canal. The left ear ap- 
peared normal. The remainder of the examination 
findings of the head and neck were normal. 


The patient’s laboratory values were unremark- 
able. Cultures taken from the right external audi- 
tory canal failed to grow significant organisms. 
Changes consistent with chronic obstructive pulmo- 
nary disease and perihilar densities were observed 
on chest radiographs. Audiometry revealed bilater- 
al severe high-frequency sensorineural hearing loss 
and a flat tympanogram on the right. Electronys- 
tagmography showed no response on the right. 


A computed tomogram of the temporal bone ac- 
companied the patient and demonstrated opacifica- 
tion of the mastoid air cells on the right and evi- 
dence of bone destruction involving the mastoid 
(Fig 1A). A mass inferior to the mastoid was also ob- 
served (Fig 1B). Gadolinium-enhanced magnetic 
resonance imaging demonstrated the extent of the 
mass from the base of the styloid process to the mid- 
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From the Departments of Radiology (Martin) and Otolaryngology-Head and Neck Surgery (Benecke, Maas), St Louis University Medical Center, St 


Louis, Missouri. 


REPRINTS — David S. Martin, MD, Dept of Radiology. St Louis University Hospital, 3635 Vista at Grand, St Louis, MO 63110-0250. 
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Fig 2. Coronal Tl-weighted magnetic resonance image 
with gadolinium enhancement illustrates extent of mass 
(arrows). 
dle ear cavity (Fig 2). A subsequent computed tomo- 
gram of the chest demonstrated a left lower lobe 
mass (not illustrated) that was determined to be 
small cell carcinoma of the lung. 


DISCUSSION 
When one is confronted with a patient who has 
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otorrhea and a facial paralysis on the same side, the 
immediate thought is that this represents a compli- 
cation of chronic suppurative otitis media. Such a 
complication mandates a careful evaluation and ex- 
peditious surgery. ' 


Of course, one also is compelled to formulate a 
differential diagnosis in such a situation. Primary 
tumors of the skull base such as paragangliomas and 
schwannomas rarely produce a draining ear, and 
infrequently present with a facial paralysis, Malig- 
nant tumors of the temporal bone are rare, but 
adenocarcinoma and other glandular tumors could 
potentially cause facial paralysis and otorrhea.? Fi- 
nally, metastatic tumors must be given considera- 
tion.* The history of a known primary malignancy 
will usually lead to this diagnosis. 


This patient had symptoms due to a huge tumor 
involving the temporal bone. The tumor had de- 
stroyed the stylomastoid foramen, producing the fa- 
cial paralysis. It had also eroded into the middle ear 
space and through the tympanic membrane, pre- 
sumably resulting in otorrhea. The extensive bone 


inet 


nance imaging excluded suppurative disease. The 
chest radiograph provided the clue that the patient's 
symptoms were due to a malignant process originat- 
ing in the lung. 
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PATHOLOGY CONSULTATION 
NECROTIZING SIALOMETAPLASIA 


NOUR SNEIGE, MD 


JOHN G. BATSAKIS, MD 


HOUSTON, TEXAS 


Necrotizing sialometaplasia of salivary tissues is a vascular-based (lobular infarct), benign, and often self-limited disorder. Preponder- 
antly a lesion of palatal salivary glands, it can involve any salivary gland, and it may be mistaken for carcinoma. Adherence to histopatho- 


logic criteria should obviate this mistake. 


Necrotizing sialometaplasia is a benign, reactive, 
inflammatory, and usually self-limited disorder of 
salivary tissues with clinical and histologic features 
that simulate malignancy, particularly mucoepi- 
dermoid and squamous cell carcinomas.’ Prepon- 
derantly a lesion of the minor salivary glands of the 
palate, necrotizing sialometaplasia can be found in 
any salivary tissues, including the major salivary 
glands? (see Table’). In the oral cavity, it has an 
estimated prevalence of 0,03 % of all lesions submit- 
ted to biopsy — certainly an underestimation.‘ 


Although squamous metaplasia can be found in 
several forms of inflammatory and neoplastic disor- 
ders of the salivary glands, necrotizing sialometa- 
plasia is a histologically distinctive type with specif- 
ic diagnostic criteria. These are 1) lobular necro- 
sis of salivary tissue (Fig 1A), 2) a time-variable 
prominence of subsequent granulation tissue and 
acute and chronic inflammation (Fig 1B), 3) squa- 
mous metaplasia conforming to duct and/or acinar 
outlines (Fig 1B,C), and 4) maintenance of the sali- 
vary lobular morphology (Fig 1B). Adherence to 
these criteria, especially the last one, excludes other 
forms of squamous metaplasia, such as that occur- 
ring at the periphery of a necrotic cyst (neoplastic or 
otherwise) and pseudoepitheliomatous hyperplasia 
extending into ducts. 


An ischemic basis for necrotizing sialometaplasia 
is the most accepted one.™*5-7 This causation is sup- 
ported not only by experimental evidence® but also 
by clinical and histopathologic observations of the 
lesions following surgical procedures (Fig 2) or 
radiotherapy at the involved site and an association 
with thrombosis, Buerger’s disease, and emboli.’ 
There is also a histologically analogous lesion found 
adjacent to infarcted areas of the prostate gland.’ 


In either minor or major salivary glands, the basic 
histologic lesion is an infarct of salivary lobules with 
subsequent repair and metaplasia. The arterial sup- 
ply of the palate’s minor salivary glands is the ante- 
rior palatine artery. This vessel enters through the 
rigid major palatine foramen. The major branches 


course anterolaterally, with only small branches 
passing medially to the areas in which necrotizing 
sialometaplasia has been most often described. The 
blood supply is vulnerable at the foramen and also 
distally, where. any agent capable of producing 
compromise or vascular injury can lead to infarct. 
In the major salivary glands, the arterial vessels fol- 
low and accompany subdivisions of the excretory 
duct system so that each salivary lobule has a sepa- 
rate and distinct blood supply. Even within the lob- 
ules, vascular territories are also characteristically 
distinct, with each culminating in a series of end 
vessels. Disruption of this blood vasculature after 
surgical procedures in the major salivary glands is 
self-evident and accounts for 86% of the reported 
cases.* A similar postoperative sequence is seen in 


SITES OF INVOLVEMENT OF NECROTIZING 
SIALOMETAPLASIA {N = 184) 


Site No. % of Total 


Palate 
Hard 
Soft 
Junction 
Not specified 7 
Total 


Nonpalate oral 
Lower lip 7 
Retromolar 5 
Tongue 2 
Buccal 2 
l 
l 
8 


77.2 


Mucobuccal fold 
Tonsillar fossa 
Total l 


Major salivary glands 
Parotid 
Sublingual 1 
Submandibular 1 
Total 16 


Other head and neck 
Nasal cavity 
Maxillary sinus 
Larynx 
Incisive canal 
Total 


From data presented by Brannon et al.? 


9.8 


8.7 


CO boi pod pui OT 
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From the University of Texas M, D. Anderson Cancer Center, Houston, Texas. 
REPRINTS — John G. Batsakis, MD, Dept of Pathology, University of Texas M. D. Anderson Cancer Center, 1515 Holcombe Blvd, Houston, TX 77030. 
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necrotizing sialometaplasia of the upper airway.’ 


While prior surgery is not often a culprit in nec- 
rotizing sialometaplasia of the palate, subtler forms 
of vascular compromise are still held ultimately re- 
sponsible. These include dental infections, ill-fitting 
dentures, and localized mucosal edema.? 


No age is immune, but the average age at time of 
diagnosis is 46 years.? Males are afflicted twice as 
often as females and whites outnumber blacks by a 
ratio of 5:1.? As the Table indicates, the majority of 
cases are found on the posterior hard palate, with 
the junction of hard and soft palates the second 
most common site. Nearly three quarters of the pal- 
atal lesions are unilateral, and a tenth are bilateral; 
a lesser number are said to be midline.? Since 
salivary tissue is not normally found in the midline 
of the hard palate, lesions found there are likely due 
to extension or coalescence of unilateral or bilateral 
lesions. The parotid gland is the major salivary 
gland most often reported as being involved.’ 


In mucosal sites, necrotizing sialometaplasia 
most often presents as a deep-seated ulcer, with or 
without an antecedent swelling or mass. A mass ac- 
counts for only about a third of reported cases, in- 


Fig 1. Necrotizing sialometaplasia of palate. A} Early stage, with 
dissolution of mucous acini (H & E, original x140). B} Preserva- 
tion of lobular architecture is hallmark (H & E, original x60). 
Note salivary lobules are in different stages of evolution of pra- 
cess. C) Squamous metaplasia of ducts and acini in affected lobule 
(H & E, original x100). 





cluding mucosal and nonmucosal parenchymal sites, 
Painful lesions are about twice as common as those 
without symptoms. Paresthesias or anesthesia may 
also be noted. Brannon et al? indicate that bony in- 
volvement is not generally described or to be ex- 
pected, but its presence (rare) does not preclude the 
diagnosis of necrotizing sialometaplasia. 


Anneroth and Hansen,‘ subscribing to the vascu- 
lar cause for necrotizing sialometaplasia, emphasize 
that the different stages of evolution of the lesion 
often overlap, and can occur simultaneously in dif- 
ferent areas of the affected salivary tissue. The 
severity of the infarct also varies. Extensive infarct 
can lead to a sequestration of necrotic areas and to 
ulcer formation with the craterlike defects found in 
some cases of the disorder. The size of the lesions is 
dependent on the number of affected lobules and 
the severity of the necrosis. As a result, necrotizing 
sialometaplasia at any salivary site can be smaller 
than 1 cm or larger then 5 cm. In the series reported 
by Brannon et al,’ the average size was 1.8 cm. 


The healing process in necrotizing sialometapla- 
sia includes repair of both the ulceration (if present) 
and of the damaged salivary tissues. Proliferation of 
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Fig 2. Palatine artery with thrombosis adjacent to necro- 
tizing sialometaplasia (H & E, original x140). Specimen is 
from reexcision of pleomorphic adenoma-bearing area. 


surface mucosal cells covers the epithelial defect 
and often presents as a form of pseudoepithelioma- 
tous hyp erplasia. Regeneration of affected ducts 
and acini is never complete, but the metaplasia of 
small ducts and acini can be associated with promi- 
nent nuclei and frequent mitotic figures. It is the 
combination of an ongoing necrosis and repair that 


Fig 3. Metaplastic ducts and acini in various degrees of 
cellular differentiation (H & E, original x140). Note inter- 
epithelial histiocytes in this salivary lobule. 


the cle criteria are not ieie to Pe 3). 


Necrotizing sialometaplasia generally heals spon- 
taneously without treatment within 6 to 10 
weeks.?° Treatment of symptoms is indicated for 
patients with painful lesions.’ 
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SURGICAL REMOVAL OF THE SPHENOPALATINE 
GANGLION* 


REPORT OF THREE OPERATIONS; ELABORATING AN ORIGINAL 
TECHNIC TO EXPOSE THE PTERYGOPALATINE Fossa, COMMAND 
THE INTERNAL MAXILLARY ARTERY AND Its TERMINALS 
AND THE INFRAORBITAL NERVE AND Its BRANCHES 


Epwarp Ceci, Sewa.i, M.D.+ 
SAN FRANCISCO 


The importance of a trans-antral surgical approach to the 
sphenopalatine fossa was suggested to me by the fact that 


1. Stubborn cases of fifth nerve type neuralgia in which the 
gasserian ganglion has been severed have been relieved by anesthesia 
or destruction of the sphenopalatine ganglion. 


2. Infection in the sphenopalatine fossa, usually the result of 
injections, is not uncommon and has been fatal in spite of surgical 
measures heretofore employed. 


3. The whole extracranial part of the infraorbital nerve is avail- 


able. 


4. The internal maxillary artery and most of its branches can 
be isolated and ligated. 


§. The various branches of both the infraorbital nerve and the 
sphenopalatine ganglion are at hand for surgical disposition. 


6. The sphenoid sinus can be entered and operated upon. 


7. There are many other vital structures in the neighborhood 
that skillful surgery may approach. 


8. The orbit is surgically available from below, even to the apex. 
This feature has been taken advantage of through a different in- 
cision in my recently published technic for the relief of pernicious 
exophthalmos. 


In 1926' I published an operative approach by way of the 
maxillary sinus to the pterygopalatine and infratemporal fossx. It 


*Presented before the 58th annual meeting of the American Laryngological 
Association, Detroit, Mich., May 25, 1936. 


From Department of Otolaryngology of Stanford University with assistance 
of the Rockefeller fund. 
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was subsequently learned that Carnochan,” in 1858, had followed 
the infraorbital nerve from its exit at the infraorbital foramen to 
the foramen rotundum. His approach differed in that an incision was 
made through the cheek and the nerve was followed with sacrifice 
of the orbital floor. 


In 1929 Vogel’, following precisely by technic in the manner 
of approach, elaborated the details of dissection in the fossa and re- 
moved the sphenopalatine ganglia in nine living patients. He was 
interested in determining the condition of the ganglion in ozena and 
came to the following conclusions: 1. In genuine atrophic rhinitis 
there is isolated atrophy of the sphenopalatine ganglion. 2. Its dis- 
ease is secondary to the ozena. 3. Because of the insignificance of the 
disturbance caused by its removal, he believes that its functions are 
quickly taken over by other nerves (perivascular branches). 


Gussenbauer, Friedlander, Kocher, Lucke, Lossen, Braun, Krause 
and Lever all approached the pterygopalatine fossa from the side by 
a preliminary resection of either the temporal arch or the entire malar 
bone.’ 


In 1931, Braenckner’ described an approach from the side, 
through the skin, that included removal of the wall of the antrum. 


In 1935, Auerbukh et al.” divided prior operations into three 
groups according to the approach: Orbital, transantral, zygomatic. 
They describe an ingenious method which has been worked out or 
the cadaver. It gains access to the pterygopalatine fossa from below 
by resecting the hard palate. 


A number of fatal infections in the pterygopalatine fossa have 
occurred following injection of anesthetics or other fluids. These ac- 
cidents have followed injections by way of the skin in the region of 
the zygoma and also those made through the mouth via the post- 
palatine canal or around the alveolar process. 


The approach through the antrum, if employed early in such 
serious infections, should offer adequate surgical control.” 


The technic of the operation, as first described by me in 1926, 
is given below with subsequent modifications. 


The work is done under sodium amytal and scopolamin and 
morphin sedation and local anesthesia. 


The Caldwell-Luc technic is used in opening widely through 
the canine fossa into the antrum, and from the antrum under the 
inferior turbinate into the nose. 
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The mucosal lining of the posterior wall of the antrum is cir- 
cumbscribed by an incision down to the bone and is removed. The 
rest of the mucosa is not disturbed unless disease indicates the neces- 
sity for its removal. The posterior bony wall of the antrum is next 
removed and the periosteum enclosing the contents of the pterygo- 
palatine fossa exposed. A strong solution of cocain is applied to this 
periosteum. Injection of the space for anesthesia may damage an 
artery and cause delay. 


The periosteum is incised carefully and the underlying parts dis- 
sected with blunt instruments. 


The internal maxillary artery is seen pulsating in a bulging arc 
across the field. It is followed to the nose without injury. 


The infraorbital nerve is discovered lying across the depths of 
the upper part of the operative field. It is followed toward the fora- 
men rotundum, which can be clearly seen. 


Extending downward and medially from the infraorbital nerve 
near its exit from the foramen rotundum, the sphenopalatine ganglion 
is found. It lies just outside the nose, anterior to the base of the 
pterygoid process and almost directly posterior to the internal maxil- 
lary artery as it approaches the sphenopalatine foramen. (Fig. 1.) 


The ganglion is freed by careful dissection with small hooks and 
forceps and is removed after its various branches have been severed. 
The artery or any of its branches may be ligated if required. 


The infraorbital nerve may be severed at the foramen rotundum 
if advisable. The wound is closed as usual. 


I am herewith reporting two cases operated upon in this manner. 
One of them had both ganglia removed at successive operations, more 
than three years apart. 


REPORT OF CASES 


Case 1.-~Male, 30 years of age. First consulted me October 30, 1930. An 
agreeable young man, with strong personality evident under a modest demeanor. 
Complaint: Severe pain in upper jaws and teeth, over, about and in both eyes, 
roughness of eyelids during an atttack when pain also radiates down the arms and 
extends even into the legs. Nauseated when pain becomes bad. Allergic history 
and diagnostic testing negative. 


Has had a watery discharge from the nose that is more or less constant. Has 
about one cold a year. Ordinarily breathes freely through the nose, which swells 
and becomes stuffy prior to an attack of pain. Radiographs have shown no evi- 
dence of sinusitis. Tonsils have been removed and hearing is good. There is some 
tinnitus during attacks. No arthritis and patient is otherwise well. 
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Fig. 1. The wide exposure shown here is, of course, from a laboratory 
dissection. It, or some modification, may be employed when malignancies or 
destructive processes minimize the importance of postoperative disfigurement. 
However, the approach described in the text is according to the Caldwell- 
Luc technic. 


Examination disclosed nothing of importance except that cytologic study of 
the nasal discharge disclosed numerous polymorphonuclears on the right side. Test 
of the right antrum showed macroscopically sticky mucus and microscopically a 
few mononuclear and polymorphonuclear leucocytes. The left antrum showed only 
a few mononuclears. Operative procedures to clear up the low grade sinus infec- 
tion were of no avail in relieving the distressing and incapacitating pain. 


His condition finally became so pitiful and the employment of drugs so 
alarming that it was decided to remove the sphenopalatine ganglion on the left or 
worse side. This was done January 12, 1931, according to my technic which has 
been described. He left the hospital without pertinent incident on January 30, 1931. 


His letter of February 9th says: “The pain in the left cheek, nose, eye and 
upper jaw is slowly going away, but is still constantly discomforting and at times 
unbearable. Every few moments there is some sort of disturbance in the left cheek 
or left upper lip as though a hot needle were passing through it, or sometimes like 
a bee buzzing in a flower. The needle effect is painful; the buzzing sensation is 
only uncomfortable. The left eye aches and is slow to adjust itself to the light in 
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the morning. The teeth under the incision ache most of the time, more after eat- 
ing and drinking. The left roof of the mouth is numb, yet at times there is feel- 
ing of a hot needle running back and forth in it. The external swelling is still 
apparent but gradually reducing. I believe that as soon as the operative pain dis- 
appears there will be no further trouble.” 


In another note of March 18, 1931: “I am working eight hours a day. We 
are going out to dinner, playing cards, and so on. I am sorry the pain does not go 
away. The left cheek, lip and eye continue disturbed. The headache has never 
left. It is intense and constant. We have done everything we can, so I am going 
right ahead disregarding the pain as far as possible.” 


On April 30, 1931, he again writes: “The operation has proved to be a com- 
plete success. There is none of the old pain in the left side. The nausea has com- 
pletely disappeared. There has been no more pain in the arms or fingers. Occasion- 
ally the old pain comes back full length in both legs. All medicines have been dis- 
continued. Recovery from the operation has been very slow. I had the left antrum 
washed out. The water returned clear. Aside from the slow recovery I am de- 
lighted with the operation. The pain has stopped completely on the left side. If 
the right side continues painful would you recommend the removal of the right 
ganglion? Ic is fine to be at work again.” 


September 16, 1931, he says: “I am writing to tell you that the removal of 
the left ganglion has given complete relief from pain on left side and to ask your 
advice about the right side. Numbness on the roof of the mouth is noticeable only 
in eating; then pressure on the teeth under the incision is unpleasant. 


“The right side is the same as it has been for the past ten yeaers, and I am often 
tempted to ask you to remove the ganglion on that side. The right eye burns and 
the lid feels rough and the surrounding area feels bruised. Intermittently there 
is pain in the right forehead, a headache and pain in the right jaw the same as tooth- 
ache. The pain in the jaw skips around, sometimes upper, sometimes lower, usually 
front upper and back lower. In a period of pain of more than usual severity I am 
nauseated. Flare-ups of severe pain last a day or two. There is practically no free- 
dom from pain. The use of the eyes seems to make the pain worse. Long auto or 
train rides invariably set it off. Reading, playing cards or tennis do likewise. The 
situation is entirely different than before the removal of the left ganglion. Then it 
was impossible, now it is annoying. On account of daily swimming and tennis, | 
am in splendid condition. I would appreciate very much your advice.” 


I did not hear again from the patient until 1934, when the following letter 
came: 


June 12, 1934. “For the past several months the pain on the right side of my 
head has been very severe. The left side is entirely free from pain and there are no 
ill effects from removal of the ganglion. The right side, however, is very bad. 
The symptoms are the same as for years except that the pain has been more con- 
stant, more severe, there being practically no free periods. The pain is in both 
upper and lower teeth on the right side, the right eye and in the right forehead 
above and about the eye. The right eyelid burns and during an attack the eye 
waters. When the pain is severe I am nauseated, recently vomiting for about three 
days. Three weeks ago the doctor here cut a window in my right antrum. I am 
writing to know how you would feel about removing the right ganglion for me. 
If the pain continues to be as severe, | must do something to relieve it.” 
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June 29, 1934. My answer: “Your letter has left me in a quandary as to how 
to advise you. I am happy that what I did for you has given you so much relief. 
I admit that I was loathe to do that work and am even more anxious to avoid work- 
ing on the other side. I think that in as much as you have had an operation recently 
you had better give it time to see what the ultimate result will be.” 


July 16, 1934. Without having consulted me further at this time he had 
another surgeon remove his right sphenopalatine ganglion. 


Following this operation there was no change in the character or severity of 
the pain in the right side of the head. Pain in the legs increased and pain in the 
hand returned. There has been no numbness abour the head similar to what fol- 
lowed the operation on the left side. He was advised by a neurological surgeon to 
have something done to the right cervical sympathetics. 


December 5, 1934. The patient consulted me again He was in great distress 
with the right side of head and body as outlined. It had become necessary to take 
opiates constantly; he was taking morphin and codein up to 12 grains per day; also 
other opiates at intervals. 


January 21, 1935. I operated upon the right sphenopalatine ganglion and he 
left the hospital in about ten days without unusual incident. 


February 11, 1935. A letter from Carmel says: “We made the trip down as 
well as could be expected. While the eye, cheek incision and jaws are full of pain, 
it is easier to stand. You will be glad to know that I went twelve hours last night 
between hypos. We have this thing beaten. All that is necessary is to hang on for 
a little while.” 


March 4, 1935. “I have been home two weeks and suppose I am making fair 
progress. The right eye, cheek and lip are still sensitive to touch. I have not been 
to the office yet, though have worked in the garden some.” 


February 25, 1936, he writes: “I am happy to report to you that the work 
you did in January, 1935, has given complete relief from the old pain. I am now 
free from the old pain on both sides. I have since had no craving for narcotics nor 
have I had any in any form. I am working every day and have gained thirty 
pounds.” 


May, 1936, he consulted me. He is a healthy appearing, hard working, suc- 
cessful business man. At intervals he has pain and disturbance in the right check. 
It seems to have some relation to taking cold. Stuffiness of the nose precedes the 
attacks. We, therefore, cannot call him well. He is infinitely better, however. 
Except for some altered sensation to touch over the cheek and hard palate, there 
is no evidence of nerve disturbance. 


Both sides of the nasal fosse are equally sensitive to touch. The turbinates on 
both sides shrink immediately and normally where neosynephrin is applied. 


The sympathetic control was apparently quickly re-established. This has been 
described by others and ascribed to the assumption of control of the sympathetic 
fibers following the blood vessels. 


The following information was contained in a note received received from the 
patient in December, 1936: He is almost over his troubles, is working every day 
and quite a few evenings, including a lot of traveling on business. 
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Case 2.—Mrs. B., age 55, entered Stanford Clinic July, 1931. Complained 
of pain in the left side of face which had persisted for four years. Pain began in 
left zygomatic region, gradually increasing in severity. After three months the left 
gasscrian ganglion was operated upon. This relieved the stabbing feature but dull 
pain persisted. A sympathectomy was done two and one-half years ago and this 
was followed by injections without relief. The patient was practically helpless. 


A nervous woman, complaining bitterly of pain. Showed no organic disturb- 
ance except for loss of all sensation over the region of distribution of the left fifth 
nerve. Diagnosed trigeminal neuralgia, with confusing psychic disturbances. 


October 29, 1932. Dr. Reichert did a diagnostic block of the left cervico- 
thoracic sympathetic chain. There was some relief. On May 22, 1933, this was 
followed by removal of the cervical sympathetic chain and carotid sinus. 


August, 1935, left sphenopalatine ganglion was concainized, without improve- 
ment. The sphenopalatine ganglion was later injected with novocain by Dr. Rix- 
ford. There was definite temporary relief. 


October 16, 1935, I removed the left sphenopalatine ganglion according to 
the technic described. There was some pain complained of when the ganglion 
was manipulated. She was discharged from the hospital without intervening inci- 
dent, on October 20, 1935, 


April 9, 1936. A letter from Dr. Rixford tells the following story: “Here 
are the results of my examination: Complete anesthesia to pain, temperature, pres- 
sure, etc., over the distribution of all the branches of the fifth nerve. Hearing ‘s 
not impaired on the left side. The left pupil is active to light and accommodation. 
Tearing is about the same in both eyes. There is more or less complete anosmia 
on the left. Taste to salt, acid, sugar and quinine is markedly diminished on the 
left, both on the soft palate and the tongue. Gag reflex is absent on the left, pres- 


ent on the right. Pain and temperature sensations are absent on the left half of the 
tongue. 


“Mrs. B. appears to me to be much improved. Burt she still complains of a 
constant, dull pain in the region of the left zygoma. This pain radiates to the left 
parietal region. She complains of parathesias, such as prickling sensation along the 
lower jaw. She states that at times this same sensation is present over the left eye 
and rarely over the rest of the distribution of the fifth nerve. Also, the left eye 
appears considerably deeper in the orbit than the right, and there is slight drooping 
of the upper lid. She still has a great deal of difficulty in swallowing anything but 
liquids, and she states even liquids cause severe pain. She is unable to chew any 
solid food so she confines herself to liquids and mushy solids. However, she has 
gained four pounds in weight in the last five weeks. She also complains of a severe 
photophobia in the left eye. This does not start the pain in the zygoma as it used to. 
The severe jumping pain that was the worst of all has been absent since our resec- 
tion of the sphenopalatine ganglion. She is now able to sleep as much as six hours 
at a time if she takes two or three three-grain capsules of sodium amytal. Up to 
five weeks ago she used half a grain of morphin as well as two sodium amytals to 
get three hours’ rest. She has had no morphin for five weeks. 


The following communication has since been received from the 
attending physician: 


“I have not seen Mrs. B. for quite some time. When I last saw her she was 
about as miserable as ever. She still complains of a constant pain over the distribu- 
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tion of the left fifth nerve. The pain is almost always present, but is worse at 
some times than at others. There seems to be no relation to temperature or time 
with the exacerbations. She takes large quantities of sodium amytal but for the last 
several weeks has not required opiates. She did require large doses of opiates for 
several months since her operation. She went without opiates for three months or 
more immediately following resection of the ganglion. The severe, jumping pain of 
which she complained before the resection of the ganglion has never returned. She 
has had two neurologists go over her since her last visit here and has had a course of 
x-ray therapy with far less resultant benefit than from our operation. 


“I am now firmly convinced that her pain is of central origin, as every sen- 
sory or possibly sensory nerve on the left side has now been cut and she still has 
her pain. Incidentally, she has lost no weight and looks as well as she ever did since 
her first visit to my office.” 


STANFORD University HOSPITAL. 
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Paraganglioma of the thyroid gland is a rare neoplasm, Only eight cases have previously been reported. The neoplasm was confined to 
the thyroid in all but two patients; laryngeal involvement was seen in one and tracheal involvement in another. A review of these previous- 
ly reported cases is presented along with the details of an additional case with laryngeal involvement. Laryngeal and thyroid paraganglio- 
mas are compared and contrasted. The anatomic and embryologic basis of these tumors and the diagnosis and treatment are discussed. We 
suggest changing the nomenclature and reporting of these lesions on the basis of their apparent common origin. Surgery remains the treat- 
ment of choice in most paragangliomas, including those involving the larynx and thyroid. Although the number of reported cases is small, 
there have been no cases of distant metastases or local recurrence after adequate surgical removal. 


KEY WORDS — chemodectoma, glomus tumor, laryngeal neoplasm, laryngeal paraganglioma, thyroid neoplasm, thyroid paraganglioma. 


INTRODUCTION 


Paragangliomas of the head and neck region are 
rather uncommon tumors; however, they have been 
reported with increasing frequency in recent years. 
This increase appears to be due to heightened aware- 
ness of this neuroendocrine lesion and the inclusion 
of paraganglioma in the differential diagnosis of 
masses in this region. Most paragangliomas (also 
called chemodectomas, chromaffinomas, and glo- 
mus tumors) are related to the arteries and nerves of 
the branchial arches, with the most common being 
carotid body, jugulotympanic, intravagal, laryn- 
geal, and nasal-nasopharyngeal.' 


The paraganglionic system was discovered over 
200 years ago with the description of the carotid 
body by von Haller in 1743.73 In 1904 the carotid 
body and carotid body-like tissue were integrated 
with the adrenal medulla into one system, the para- 
ganglia.* Paraganglia are extra-adrenal collections 
of neural crest cells that can be separated into re- 
lated groups based on anatomic, histologic, and his- 
tochemical parameters. These groups include bran- 
chiomeric, intravagal, aorticosympathetic, and vis- 
ceral-autonomic groups, with most in the head and 
neck being of branchiomeric origin.' 


The first reported thyroid paraganglioma was de- 
scribed by Haegert et al5 in 1974. Since that time 
seven other paragangliomas of thyroid origin have 
been reported. The neoplasm was confined to the 
thyroid in all but two patients: laryngeal involve- 
ment was seen in one and tracheal involvement in 
another.*-'? A review of these previously reported 
cases is presented along with the details of an addi- 
tional case with laryngeal involvement. 


CASE REPORT 
A 27-year-old woman was evaluated by a local 


surgeon for a l- to 2-year history of an asymptomat- 
ic mass in the right lobe of the thyroid. There was 
no family history of thyroid disease, no history of 
irradiation of this area, and no clinical or labora- 
tory evidence of hypothyroidism or hyperthyroidism. 
Shortly thereafter she underwent a right thyroid 
lobectomy, at which time residual tumor was left 
on the right recurrent laryngeal nerve and tracheo- 
esophageal groove. At this point, she was referred to 
the University of North Carolina Hospitals for fur- 
ther evaluation and treatment. The original patho- 
logic diagnosis was medullary carcinoma. Postoper- 
atively she experienced hoarseness from a right vo- 
cal cord paralysis, which quickly resolved. Review 
of the surgical specimen revealed a Zellballen pat- 
tern by light microscopy and immunchistochemical 
stains positive for S-100 and chromogranin and neg- 
ative for thyroglobulin and calcitonin (Fig 1). These 
findings led to the diagnosis of paraganglioma of 
the thyroid gland. 


Physical examination revealed a healing thy- 
roidectomy scar and a violaceous submucosal mass 
in the region just inferior to the right true vocal 
cord. Vocal cord function at this time was normal 
and no other abnormalities were seen at videostro- 
boscopy. A previously obtained bone scan and chest 
radiograph were normal. Magnetic resonance imag- 
ing (MRI) and polytomography showed a 1 x 1,5-cm 
lesion encompassing the cricoid cartilage and first 
tracheal ring (Figs 2 and 3). The patient was taken 
to the operating room, where the tumor was excised 
under direct vision via a laryngofissure. The resec- 
tion involved removing the right subglottic larynx 
(including the overlying thyroid cartilage). the right 
half of the cricoid (preserving the cricoarytenoid 
joint), the first tracheal ring, and the right recur- 
rent laryngeal nerve. The area was reconstructed 
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with a cartilage rib graft placed laterally and an 
auricular cartilage graft to cover the remaining de- 
fect anteriorly. An Aboulker stent wired to a metal 
tracheostomy tube was placed so as to stent open 
the reconstructed subglottis. 


Examination of the surgical specimen showed all 
margins of resection to be free of tumor and con- 
firmed the previous diagnosis of thyroid paragangli- 
oma (Fig 4). The Aboulker stent was removed 6 
weeks postoperatively and the patient has done well 
except for a moderate amount of granulation tissue, 
which was removed with a carbon dioxide laser. 
Her voice, originally weak, has improved with a 
vocal cord medialization procedure (Isshiki thyro- 
plasty type I). A repeat MRI scan 7 months after 
resection revealed no evidence of recurrent tumor. 
Eighteen months postoperatively, the patient con- 
tinues to return for follow-up with no evidence of 
recurrent disease. 


DISCUSSION 


There have been eight previously reported cases 
of thyroid paraganglioma.'*"'' However, the true 
incidence of these tumors is hard to establish, as 
they may have previously been misdiagnosed as 
medullary thyroid carcinomas, carcinoid tumors, 
atypical adenomas, etc." 


Multiple anatomic studies have confirmed the 
presence of the symmetrically located pairs of supe- 
rior and inferior laryngeal paraganglia.?° '?'* The 
smaller, relatively constant superior group is related 
to the internal branch of the external laryngeal 
nerve and are found in the upper, anterior third of 
the ventricular fold near the superior edge of the 
thyroid cartilage.?'*:'* The inferior paraganglia are 
larger and less constant in location. They are most 
often located between the cricoid cartilage and first 
tracheal ring, but may be positioned more laterally. 
The inferior glands are also described as being in 


stroma: Zellballen pattern. 


contact with the thyroid gland or spread over or 
within its capsule.*? This location could explain 
the origin of thyroid paragangliomas. 


Presentation and History. The collected series of 
patients consists of nine women 9 to 73 years of age 
with a mean age of 42 years (see Table'-*). There 
have been no documented cases of thyroid paragan- 
gliomas in men. This is in contrast with laryngeal 
paragangliomas, for which the female to male ratio 
is approximately 1:1.°*'* A review of 69 patients 
with paragangliomas of the head and neck region 
by Lack et al'® in 1977 showed a female predomi- 
nance in groups with vagal body tumors (female to 
male ratio of 11:2) and jugulotympanic tumors 
(7:1), but the most common type, carotid body tu- 
mors, showed no sex predilection (22:21). 


All patients with thyroid paragangliomas have 
presented with a mass in the neck, and most lack 
symptoms referable to the larynx. Other symptoms 
included hoarseness (two of nine or 22%), pain 
(two of nine), hemoptysis (one of nine or 11%), and 
stridor (one of nine). Dysphagia was not reported in 
any patients. In most cases the duration of symp- 
toms prior to diagnosis was not given, and therefore 
it is hard to know whether these tumors have a pro- 
longed natural history as is reported with laryngeal 
paragangliomas.* No patients had a history of prior 
head and neck irradiation. | 


The lesion was predominantly left-sided in four 
of nine cases (44%), right-sided in two of nine 
(22%), in the midline or isthmus in two of nine 
(22%), and was not specified in the remaining case. 
The numbers are too small to draw any significant 
conclusions about the laterality of these lesions. Re- 
ports of head and neck paragangliomas have stressed 
the familial tendency of these lesions and their asso- 
ciation with other benign and malignant tumors; 
whether the same will be true of thyroid paragan- 


Fig 1. Photomicrograph shows epithelial cell 
nests surrounded by vascular connective tissue 
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Fig 2. T2-weighted magnetic resonance images showing 1.5-em lesion at level of cricoid cartilage and first tracheal ring. A) Tumor 
involving first tracheal ring. Note intact left thyroid lobe. B) Involvement of cricoid ring. ©) Tumor extension into conus elasticus, 


D) Vocalis muscle is not involved. 


gliomas remains to be seen.'*'’ One patient with a 
thyroid paraganglioma showed evidence of multi- 
centric disease; the thyroid lesion was associated 
with bilateral carotid body tumors.* Other paragan- 
gliomas of the head and neck have a reported 10% 
incidence of multicentricity.'**'’ There were no bi- 
lateral thyroid tumors; this appears to be the same 
trend as with laryngeal lesions.* The highest in- 
cidence of bilateral paragangliomas is 26% in 
familial carotid body tumors, while only 3% of the 
nonfamilial type are bilateral.” 


Diagnosis. The diagnosis of thyroid paraganglio- 
ma follows many of the same principles involved in 
evaluating any neck or thyroid mass. One of the 
most important factors is being aware of the lesions 
and including them in the differential diagnosis of 
masses in this location. A thorough physical exami- 
nation including indirect laryngoscopy should be 
performed on all patients. The findings of a neck 
mass associated with a violaceous, submucosal, sub- 
glottic lesion would be consistent with the diagnosis 


of thyroid or inferior laryngeal paraganglioma. The 
neck should always be palpated for evidence of re- 
gional spread. 


The ability of fine-needle aspiration to make the 
diagnosis of either thyroid or laryngeal paragangli- 
oma has not been reported. Fine-needle aspirates 
from other paragangliomas, such as those associated 
with the carotid body and vagal body, confirm the 
diagnosis in about 50% of cases.** 


Angiography, which is considered important in 
the diagnosis, workup, and preoperative prepara- 
tion of other head and neck paragangliomas, is not 
essential in the evaluation of the thyroid or laryn- 
geal variety.” For other paragangliomas, selec- 
tive angiography can be used to detect synchronous 
lesions, demonstrate the blood supply to the tumor, 
or perform preoperative embolization.? However, 
since there are few synchronous lesions reported and 
the blood supply from the thyrocervical trunk is con- 
stant and easily controlled, the risks of angiography 
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Fig 3. Eee aE accurately PE g lesion, ae 


do not appear to be conan in ie svadi of 
thyroid paragangliomas. Thyroid scans also do not 
appear to be useful. The results of thyroid scans 
have been reported in five of nine (55% ) patients; a 
cold nodule was seen in four of five (80%) scans, 

while the findings on the other scan were described 
as normal. No hot nodules were reported. This re- 
sult is not surprising, as cold thyroid nodules are in- 
dicative of cyst formation, degenerative changes 
(such as hemorrhage, edema, calcification, or fibro- 





sis), thyroiditis, or neoplasm. We do not feel that 
thyroid scans add any information that will help de- 
termine the management of patients with th ae 
paragangliomas, and therefore do not Sane 
them as part of the workup of these tumors. 


A computed tomography scan or MRI scan should 
be obtained if this type of tumor is suspected. These 
can add information such as laryngotracheal in- 
volvement or evidence of neck metastasis, both of 
which would affect therapeutic options. Another 
useful but often overlooked diagnostic study is poly- 
tomography. Tomograms accurately outlined the ex- 
tent of subglottic involvement in our patient (Fig 3). 


Histology. The typical histologic pattern of all 
paragangliomas is characterized by distinct clusters 
of chief cells surrounded by a prominent fibrovascu- 
lar and reticulin stroma of sustentacular cells form- 
ing a characteristic Zellballen apearance (Fig 1). 
The chief cells contain 100- to 200-um, electron- 
dense, membrane-bound cytoplasmic granules char- 
acteristic of neurosecretory granules, '* 


Marked nuclear pleomorphism, increased mitotic 
activity, hyperchromatism, and local invasion, the 
usual accepted criteria for malignancy, do not cor- 
relate with the incidence of metastasis or the ulti- 
mate biologic behavior of paragangliomas.'*?! In 
fact, invasion of local structures such as the larynx 
or trachea does not necessarily indicate malignancy 
as it does with other types of thyroid neoplasms. 
Malignancy can only be determined by regional or 
systemic metastasis, most commonly to regional 
lymph nodes, lung, and bone.?'* With such a small 
number of cases the true incidence of malignancy is 
difficult to determine, but so far there have been no 
reports of regional or systemic metastasis with thy- 
roid paraganglioma. No local recurrences were seen 
in the seven cases in which follow-up was given. 
The length of follow-up ranged from 9 months to 7 


Fig 4. Photomicrograph showing both 
normal thyroid tissue (open arrow) and 
adjacent paraganglioma (closed arrows). 
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REPORTED CASES OF PARAGANGLIOMA 
Laryngeal Thyroid Other Para- 
Reference Age Sex Side Involvement Scan Recurrence Follow-up Surgery gangliomas 

1 44 F L Cricotracheal space No No Ty Total laryngectomy None 

2 36 F L No Cold No 5y L thyroid lobecto- Yes* 
my 

3 50 F R Anterior trachea Cold No 2 y Total thyroidecto- None 
my, resection of an- 
terior trachea 

4 9 F P No No ? P Subtotal thyroidec- None 
tomy 

5 50 F L No Cold No 3y L thyroid lobecto- None 
my 

6 73 F L No No No 2y L thyroid lobecto- None 
my 

7 36 F I No No No f Excision of nodule None 

8 50 F I No Normal No 9mo Excision of nodule None 

This report 27 F R Cricoid cartilage No No 18 mo R thyroid lobectomy, None 

resection of R sub- 
glottic larynx 


L — left, R — right, I — isthmus. 


*Patient with synchronous bilateral paragangliomas at carotid bifurcations. 


years, with the average being 3 years (see Table). 


Opinions differ concerning the malignant poten- 
tial of laryngeal paragangliomas. Smith et al* believe 
that these laryngeal lesions exhibit a higher rate of 
malignancy than paragangliomas at other sites. Us- 
ing the previously stated criteria for malignancy, 
their review of the 52 reported cases found evidence 
of malignancy in 25%. Others believe the incidence 
to be overestimated; that these lesions are generally 
benign, with little tendency to metastasize; and that 
reported malignant paragangliomas are often misdi- 
agnosed carcinomas.'*?? Pheochromocytomas and 
other extra-adrenal paragangliomas are malignant in 
approximately 10% of cases.****® 


Etiology and Comparison With Inferior Laryn- 
geal Paraganglioma. Review of the literature on la- 
ryngeal and thyroid paraganglioma suggests that 
several of these lesions could be described as origi- 
nating from either location, depending on one’s in- 
terpretation of the reports. One of the cases we have 
included! has also been included in reviews of la- 
ryngeal paragangliomas.* We have included this 
case in our report because we feel that it likely rep- 
resents a thyroid lesion with laryngeal involvement. 
According to Olofsson et al, “The patient was a 
44-year-old woman who was found to have a dumb- 
bell-shaped lesion with the largest portion in the left 
lobe of the thyroid gland.”*5”) 


The largest review of laryngeal lesions (which in- 
cluded Olofsson’s patient) described only 4 cases out 
of 52 as being subglottic or of inferior paraganglia 
origin.* Most laryngeal paragangliomas are supra- 
glottic (from the superior ganglia) and are described 
as being lesions that “tend to remain unilateral with 
limited extralaryngeal extension.”3‘°*”) The mean 
age at presentation with these laryngeal tumors is 
49 years, and there is an equal male to female distri- 
bution.* Most patients present with symptoms refer- 


able to the larynx; hoarseness is the most common 
complaint and is reported in 70% of the cases. La- 
ryngeal paragangliomas have a prolonged natural 
history, with the mean duration of symptoms being 
47 months. Physical examination reveals a submu- 
cosal, erythematous mass, with the most common 
site being the aryepiglottic fold, followed by the 
false vocal cord.?-*-*8 


As previously noted, there have been only four 
subglottic (inferior laryngeal) paragangliomas re- 
ported. The patient with the dumbbell-shaped le- 
sion reported by Olofsson et al' has been described 
above. Martinson alludes to two other patients: one 
a 14-year-old boy with a “glomus laryngicum infe- 
rior,”23?7) and another case related to the author 
via a personal communication.” No specifics of the 
latter case are reported. In a review of “chemodec- 
tomas,” Ani et al” report a case involving the right 
subglottic region of a male whose age is not speci- 
fied. They state that there was a paralysis of the vo- 
cal cord due to the tumor’s being “around the end of 
the recurrent laryngeal nerve.”*4(945) 


Although the number of reported inferior laryn- 
geal paragangliomas is small, they appear to be 
very similar to the thyroid paragangliomas de- 
scribed. Similarity is difficult to ascertain when 
dealing only with the case reports and not the actu- 
al pathologic material, but their presentation and 
clinical course are almost identical. Laryngeal “in- 
volvement,” as reported with thyroid paraganglio- 
ma, may be more a manifestation of the site of ori- 
gin of the lesion than a reflection of its biologic 
behavior. Anatomic studies have shown that the in- 
ferior laryngeal paraganglia can be found in various 
locations — most commonly between the cricoid 
cartilage and the first tracheal ring. These inferior 
paraganglia can also be seen between the inferior 
horn of the thyroid cartilage and the cricoid carti- 


298 Brownlee & Shockley, Thyroid Paraganglioma 


Jaz» €piglottic 
\\ | cartilage 


Superior 


yet : 


Thyroid 


cartilage ai > 
\ Ni 


vV Paraganglia = 


Ai) 
i P| 


Cricothyroid AS 


igament 


cartilages 


Nnferior 


Paraganglia 





Fig 5. Diagram of laryngeal paraganglia. Lateralmost inferior paraganglia lie adjacent to thyroid gland. (Modified 


from Lawson and Zak.?) 


tilage in close relationship to the inferior thyroid 
artery and recurrent laryngeal nerve, and may ex- 
tend to or arise within the capsule of the thyroid 
gland (Fig 5).?:!? 


We believe the inferior laryngeal paraganglia are 
the origin of both inferior laryngeal and thyroid 
paragangliomas and therefore that these lesions are 
different presentations of the same clinical entity. 
Lawson and Zak state, “The point of origin of the 
tumor from a submucosal body or one situated more 
laterally will determine whether the neoplasm will 
present as an intraluminal, lateral cervical, or 
dumbbell-shaped mass.”?‘?!°°) Lesions that manifest 
as subglottic intraluminal masses have been labeled 
as inferior laryngeal tumors, and the lateral cervical 
lesions as thyroid paraganglioma. The dumbbell- 
shaped tumors have been included in reports of 
both types; these are described as showing laryngeal 
invasion when they are thought to be of thyroid ori- 
gin. The fact that “laryngeal invasion” has had no 
impact on recurrence or survival would also support 
this theory. Even though we have reported our case 
as a thyroid paraganglioma with laryngeal involve- 
ment, we suggest that all of these thyroid and inferi- 
or laryngeal tumors should be called inferior laryn- 
geal paragangliomas, as this term most accurately 
reflects the origin of the lesions. 


A more important distinction to make may be be- 
tween the superior and inferior laryngeal varieties. 
As was previously discussed, the reported incidence 
of malignancy with laryngeal paraganglioma is as 


high as 25% . If this increased incidence is accurate, 
this may indicate a different biologic behavior of 
the superior and inferior neoplasms. This rate of 
malignancy is calculated from series that are heavi- 
ly, if not totally, weighted toward superior laryn- 
geal tumors.‘ In contrast, there have been no malig- 
nant inferior laryngeal lesions (including all previ- 
ously reported thyroid and inferior laryngeal le- 
sions). There also appears to be a difference in the 
sex incidence; the superior type have a female to 
male incidence of 1:1, whereas the inferior ones 
show a heavy female predominance (5:1).! 


Treatment. Primary surgical excision remains the 
preferred method of treatment. Even though no 
cases of malignancy have been reported, these tu- 
mors should be approached with the assumption 
that they have malignant potential. Surgical ap- 
proaches will differ depending on the exact location 
of the tumor, but an external approach will be re- 
quired. If the larynx is involved, a laryngofissure, 
pharyngotomy, or partial laryngectomy will be re- 
quired for excision, as an endoscopic approach will 
not be adequate. Elective neck dissection is not indi- 
cated in the treatment of these lesions. Since all re- 
ported cases of thyroid paraganglioma were treated 
surgically, the role for primary irradiation or che- 
motherapy remains undefined. It is difficult to make 
recommendations regarding irradiation or chemo- 
therapy based on the experience with superior la- 
ryngeal lesions, as these modalities were only used 
in malignant and recurrent tumors.‘ 
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PEDIATRIC TRACHEOBRONCHOMALACIA AND MAJOR 
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Based on histopathologic, endoscopic, and clinical findings of the flaccid airway, new descriptive terms — major airway collapse 
types 1 through 3 — are proposed to better define tracheobronchomalacia. A. typing and grading system is offered to objectively analyze 
and compare clinical cases. Endoscopic and anesthetic techniques are presented for use in children with respiratory distress suggestive 
of tracheobronchomalacia. Spontaneous ventilation with laryngoscopic insufflation of anesthetic gases and the use of small-diameter 
telescopes without bronchoscopes are key elements for the examination of the dynamic pediatric airway. Pitfalls of classic bronchoscopy 
techniques are described that can lead to a missed diagnosis. Between 1987 and 1990, over 200 telescopic bronchoscopies were performed 
at Wilford Hall US Air Force Medical Center on 129 children 3 years old and younger with respiratory distress. By means of the described 
techniques, 38 children (30%) with major airway collapse were identified. Major airway collapse was associated with a variety of 
endoscopic and cardiac abnormalities. With the emergence of sophisticated neonatal pediatric respiratory care, a growing number of 
premature infants with major airway collapse are surviving. Early, precise endoscopic diagnosis allows optimal management. 


KEY WORDS — bronchoscopy, endoscopy, major airway collapse, tracheobronchomalacia. 


INTRODUCTION 


Tracheobronchomalacia (TBM) is a flaccidity of 
the airway with weakening of the supporting tracheo- 
bronchial cartilaginous arches and widening of the 
posterior membranous wall. The airway collapses 
easily, causing the lumen size to diminish during 
expiration. Various degrees of obstruction result. 


Although TBM is not a new topic, there exists 
confusion in the literature regarding its cause and the 
methods for diagnosis in children. Gross and Neu- 
hauser! described pediatric TBM in 1948 and as- 
cribed its cause to vascular compression. The follow- 
ing year, Evans? advocated radiography as the best 
method of diagnosis for TBM. Other authors have 
since supported this method of evaluation.*"5 In 1952, 
Holinger et alf described the disorder as a partial or 
total collapse of the lumen on full expiration; the 
symptoms disappeared on passage of a rigid bron- 
choscope through the malacic segment. A decade 
later, Baxter and Dunbar? described TBM as a weak- 
ness of the large airway’s wall due to softening of the 
cartilage with hypotonia of the myoelastic elements. 
They felt this was an isolated, self-limiting finding 
that would resolve within 2 years. In 1969, Mustard 
et al’ stated that most cases of TBM were secondary 
to intrinsic tracheal softening, with less than 10% due 
to vascular compression. Benjamin et al observed in 
1976 that endoscopy was the most reliable diagnostic 


study and noted an association with other congenital 
anomalies. They further observed that TBM symp- 
toms persisted beyond childhood. In 1986, Greenholz 
et al? reviewed the care of 41 infants treated for TBM 
and noted that specific management guidelines were 
lacking and surgical results were unsatisfactory. 


Such confusion exists in part because there are no 
objective, reproducible, or concise diagnostic criteria 
for TBM. In this paper, we present anatomic, histo- 
logic, and embryologic parameters that allow objec- 
tive typing and staging of this disorder. Endoscopic 
evaluation techniques are stressed that optimize a 
dynamic examination of the pediatric tracheobron- 
chial tree. 


Although other authors believe TBM to be a rare 
entity, !°-!2 this study suggests the contrary. As Gupta 
et al}? pointed out more than 20 years ago, the 
apparent rarity of TBM may simply be the failure to 
suspect it. 


MATERIAL AND METHODS 


From July 1987 to July 1990, over 200 rigid 
bronchoscopies with telescopes were performed on 
129 children 3 years old and younger with acute or 
chronic respiratory distress by the Wilford Hall US 
Air Force Medical Center (WHMC) pediatric otolar- 
yngology service. Owing to the nature of the military 
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referral system, children are flown to WHMC from 
all over the world. Infants and children were exam- 
ined under general anesthesia, with spontaneous ven- 
tilation and laryngoscopic insufflation of anesthetic 
gases the preferred technique. Video and 35-mm 
slide photographic documentation was used when 
. possible. Children were assessed for TBM on the 
basis of endoscopic criteria, with assistance from 
radiographic studies when indicated. 


RESULTS 


Thirty-eight infants and toddlers 3 years old and 
younger were found to have TBM (see Table). This 
represents 30% of 129 children of this age who 
underwent bronchoscopy for respiratory distress at 
WHMC during the 3-year period. Twenty-nine (76%) 
were boys and nine (24%) were girls. 


Signs and symptoms of TBM varied and included 
acute or chronic respiratory obstruction with pro- 
longed expiration, cyanosis, barking cough, stridor, 
apnea, difficulty feeding, and retained secretions 
with recurrent pneumonia. 


Onset of symptoms occurred at birth in all but two 
children, whose symptoms began at 1 week of age. 
The deaths of seven infants in this series were due in 
part to respiratory obstruction from severe TBM. 
Thirteen (34%) affected children were premature, 
with gestational ages under 35 weeks. None of the 
patients had a family history of similar symptoms. !4 
The delay from onset of symptoms to endoscopic 
diagnosis ranged from 1 day to 144 weeks, with a 
mean of 37 weeks. As the presenting symptoms of 
TBM became more commonly recognized by the 
pediatric staff, especially in premature infants with 
pulmonary immaturity, the delay to endoscopic diag- 
nosis was shortened and the need for a better-defined 
typing system was recognized. 


Associated anomalies were common. Twenty-two 
patients (58%) had cardiovascular abnormalities, in- 
cluding patent ductus arteriosus, ventricular or atrial 
septal defects, double aortic arch, tetralogy of Fallot, 
right ventricular hypertrophy, pulmonary valve 
stenosis, and others. Ten (26%) children had severe 
developmental delay. Associated endoscopic anoma- 
lies were noted in 24 (63%) children and included 
gastroesophageal reflux (12), subglottic stenosis (9), 
esophageal atresia (5), tracheal bronchus (4), true 
vocal cord paralysis (4), tracheoesophageal fistula 
(4), tracheal stenosis (2), and others. Laryngomalacia 
was not associated with TBM in our series. 


The severity of TBM varied from mild to incom- 
patible with life. Six infants had severe TBM associ- 
ated with reflex apnea. Four of these six infants died 


of their disease. There was no association between 
location within the airway and severity. All four cases 
of TBM associated with a tracheal bronchus had the 
malacia below the aberrant bronchus. Other anoma- 
lies were not associated with the location of the 
malacia. 


Twenty-six (68%) children had various degrees of 
bronchomalacia. Left main stem bronchomalacia was 
predominant in 16 (62%), 5 (19%) had mainly right 
main stem disease, and 5 (19%) had equal bilateral 
main stem bronchomalacia. No malacia was noted in 
the lower airways beyond the segmental bronchi. 


Twenty (53%) children with TBM required trache- 
otomies. These were performed primarily to treat the 
associated anomalies (eg, subglottic stenosis, pro- 
longed ventilator dependence). In only 3 of these 20 
children was the tracheotomy performed to stent the 
trachea as a definitive mode of therapy. One child had 
Larsen’s syndrome and died of extensive tracheal 
and bronchial involvement. Another had a double 
aortic arch repair but failed aortopexy. The third child 
had severe TBM with improvement noted only after 
placement of an endobronchial stent in conjunction 
with an elongated tracheotomy tube. In contrast, only 
17 (13%) of the children without TBM required a 
tracheotomy. 


DISCUSSION 


Tracheobronchomalacia is characterized by expi- 
ratory airway collapse and may be exacerbated by 
any activity that induces an increased respiratory 
effort, such as crying, feeding, or coughing. Common 
clinical findings include stridor, barking cough, pro- 
longed expiratory phase, and the “bagpipe sign” — 
an expiratory sibilant note persisting after the end 
of visible expiration.!5 Tracheobronchomalacia may 
lead to trapping of air and secretions, recurrent pneu- 
monia, hypercarbia, progressive hypoxia with cya- 
nosis, bradycardia, or reflex apnea that can result in 
cardiopulmonary arrest. Major airway collapse is the 
main factor linking these presenting signs and symp- 
toms. 


Pathologically, Wailoo and Emery!® characterized 
tracheomalacia as the presence of tracheal cartilage 
that was reduced in length and had a widened poste- 
rior membranous wall and a greatly reduced anterior- 
posterior dimension. These findings were surmised 
from an extensive postmortem histologic study of 53 
infants with tracheomalacia and tracheoesophageal 
fistula.!® The ratio of anterior tracheal cartilaginous 
wall to posterior membranous wall in normal chil- 
dren is 4.5 to 1. This ratio becomes altered in children 
with tracheomalacia and may deform to 2 to 1. In an 
additional study of membranous tracheal walls of 
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PEDIATRIC TRACHEOBRONCHOMALACIA 


Signs and 

Symptoms 
Reflex apnea, stridor, cyanosis, respiratory 
obstruction, difficulty breathing while eating 
Respiratory distress, failure to thrive, recur- 
rent croup, recurrent pneumonia 
Transient tachypnea 


Respiratory distress and obstruction, venti- 
lator dependence 
Respiratory obstruction, stridor 


Respiratory distress and obstruction 
Respiratory distress and obstruction 


Cyanosis, prolonged expiration, stridor 
Respiratory distress 


Respiratory distress 

Respiratory distress 

Respiratory distress and obstruction 
Respiratory distress and obstruction, cyanosis 
Respiratory distress and obstruction second- 
ary to neck mass 

Expiratory stridor, recurrent pneumonia 
Respiratory distress and obstruction 
Respiratory distress and obstruction 
Recurrent croup, noctumal respiratory dis- 
tress, apnea 

Respiratory distress and obstruction, cyanosis 
Respiratory distress and obstruction 


Respiratory distress and obstruction, recur- 
rent pneumonia, cyanosis 


Cyanosis, reflex apnea, respiratory distress 
and obstruction 

Respiratory obstruction, reflex apnea 
Stridor, respiratory distress and obstruction 
Respiratory distress, cyanosis, reflex apnea 
Stridor, postprandial cyanosis 

Recurrent pneumonia, respiratory obstruction 
Respiratory distress and obstruction 
Cyanosis, reflex apnea, respiratory distress 
and obstruction 

Respiratory distress and dyspnea 


Respiratory distress and obstruction 
Respiratory obstruction and distress, cyanosis 
Inspiratory and expiratory stridor 

Stridor with agitation, persistent cough 
Cyanosis, respiratory distress and obstruc- 


tion, reflex apnea 
Respiratory distress and obstruction 


Apnea, respiratory obstruction 
Respiratory distress, apnea 


Age at 
Onset 


Birth 
Birth 
Birth 
i wk 
Birth 
Birth 
Birth 


Birth 
Birth 


Birth 
Birth 
Birth 
Birth 
Birth 


Birth 
Birth 


Birth 
Birth 
Birth 
Birth 
Birth 


Birth 
Birth 
Birth 
Birth 
Birth 


Birth 
Birth 


Age at 
Endo- 


scopic Di- 


agnosis 
i wk 
20 mo 
i3d 
7 mo 
2mo 
5 mo 


5 mo 


10 mo 
21 mo 


Tracheo- 
malacia 


Severe, cervical, 
middle, and distal 
Moderate cervical 
and middle 

Mild cervical and 
middle 


None 


Severe middle and 
distal 
None 


Mild middle and 
distal 


Mild distal 
Moderate distal 


Moderate middle and 
distal 


Moderate middle and 
distal 
Moderate cervical 


Severe cervical, mid- 
dle, and distal 
None 


None 
Moderate middle 


Severe middle and 
moderate cervical 
Moderate distal 


Mild cervical and 
distal 


Severe middle and 
distal 

Moderate middle 
and distal 


None 


Moderate cervical 
and distal 
Mild cervical 


Severe cervical and 
middie 

Mild cervical 
Moderate cervical 
Mild cervical, middle, 
and distal 

Severe middle and 
distal 


None 


Severe distal 
Moderate middle 


Moderate to severe 
middle 

Moderate distal 
None 


None 


Broncho- 
malacia 


Severe L (greater than 
R) main stem 

Mild L and R main stem 
Mild L main stem 
Severe L main stem 


Mild L and R main stem 


Mild L main stem 
Mild L and R main stem 


Mild L main stem 
Moderate R 

main stem; mild L 
main stem 


Mild L and R main stem 
None 
None 


None 
Moderate at R upper 
lobe takeoff 


Severe L main stem 
None 


None 
Moderate L (greater 


than R) main stem 
Moderate R (greater 
than L) main stem 
Mild L main stem 


Severe R main stem; 
mild L main stem 


Severe L main stem 
Severe L main stem 
None 

Mild L main stem 
None 

None 

None 

Severe L main stem; 


mild R main stem 


Severe distal R main 


_ stem at takeoff of R 


upper lobe 

Severe L main stem; 
mild R main stem 
None 


None 


None 
Severe L and R main stem 


Mild L main stem 


Severe L main stem 
Mild L (greater than 
R) main stem 
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| PEDIATRIC TRACHEOBRONCHOMALACIA (Continued) 


Tra- 
che- 
otomy 


Yes 


No 


Duration 
of Venti- 
latory 
Support 


2.5y 
8 wk 
2d 


12d 
None 
None 
3.5 mo 


17 mo 


None 


8 mo 
30 mo 
7d 


None 
1 mo 


None 


3.5 wk 
2 wk 


Associated 
Anomalies 


Pierre-Robin sequence, bilateral short femurs, tapes equinovarus, 

developmental delay 

oo atresia without TEF, R TVC paralysis, GER, VSD, 
A 


Esophageal atresia, TEF, GER, trisomy 18, VSD, PDA, ASD, jaun- 
dice, dysmorphism 

eia bronchus, trisomy 21, PDA, pulmonary valve stenosis, 
Subglottic stenosis, R TVC paresis, congenital ascites, cryptorchid- 
ism, inguinal hemias, asplenia, nonimmune fetal hydrops 

BPD, hypothyroidism, ROP, seizure disorder, PDA, inguinal bernia 
Congenital cystic adenomatoid R lung malformation, widened ca- 
rina, GER, seizures, optic nerve hypoplasia, cor pulmonale, devel- 
opmental delay, ventriculomegaly, RAD, BPD, ROP 

Innominate artery compression 

Tracheal bronchus, subglottic stenosis, GER, craniosynostosis, hy- 
drocephalus, developmental delay, R ventricular hypertrophy, ASD, 
anomalous pulmonary venous return, RAD, inguinal bernia, scolio- 
sis, micrognathia, macroglossia, metatarsus varus, cryptorchidism 


Omphalocele, BPD, PDA, small thoracic-abdominal cavity 
Innominate artery compression, GER, PDA, seizures, RAD 


Subglottic stenosis, L TVC paralysis, GER, pulmonary valve steno- 
sis, seizures, strabismus, PDA, ROP, BPD 

Pulmonary atresia, ASD, R ventricular outflow tract 

obstruction 

Large cervicomediastinal cystic hygroma 


None 
Stenosis of lowest third of trachea, vesicoureteral reflux, scoliosis, 
rectal aplasia, rectovaginal fistula 


Trisomy 21, long gap esophageal atresia, PDA 
Spr a stenosis, developmental delay, trisomy 21, ASD, PDA, 
VSD 


Tracheal bronchus, GER, subglottic stenosis, esophageal atresia, 
TEF, craniosynostosis, absent corpus callosum 

itr without esophageal atresia, PDA, large VSD, GER, dysmor- 
phism 

GER, bilateral vertical tali, gray matter degenerative process, de- 
velopmental delay, hypoplastic optic nerve, dysmorphism, neuro- 
muscular abnormality 

Hypoplastic R ventricle, hypoplasia and atresia of pulmonary valve, 
tricuspid atresia, PDA, VSD 

Tetralogy of Fallot, developmental delay 


Subglottic stenosis, paralyzed R TVC, subluxation of first tracheal 
ring, developmental delay, GER, BPD, ROP 


Larsen’s syndrome with joint laxity and hypotonia, developmental 
delay, pectus excavatum, 

RAD 

Esophageal atresia, GER 

Subglottic stenosis, mild tracheitis, BPD 


BPD, cryptorchidism, hypospadias, microcephaly, PDA, dysplastic 
valve, tetralogy of Fallot, complete pulmonary artery atresia, de- 
velopmental delay, seizures, esotropia, cerebral atrophy, omphalo- 
cele, bilateral inguinal hernias, neuromuscular abnormality 


BPD 


Double aortic arch, PDA, congenital nystagmus 


BPD, PDA, GER, R ventricular hypertrophy, cor pulmonale, de- 
velopmental delay, ROP 


Subglottic stenosis, BPD 


Double aortic arch 
Tracheal stenosis, severe congenital heart disease 


Congenital lobar emphysema, ASD, RAD 


Tracheal bronchus, Hunter’s syndrome, hypertelorism, RAD 
Subglottic stenosis 


Comments 


Elongated tracheotomy tube and self-ex- 

panding woven stent to L main stem bronchus 
Colonic interposition graft 

Proximal pouch, distal TEF 

Successfully extubated without evidence of subglottic 
stenosis 

Respiratory obstruction exacerbated by large con- 
genital ascites 

None 

Died 


None 
Tracheomalacia was below tracheal bronchus 


None 
None 


Decannulated at 2.5 y, Nissen fundopli- 
cation 


Died 
R neck dissection at 1 d of life 


None 
Resection of stenotic segment with 1° anastomosis 


No TEF 

Prolonged endotracheal intubation 

Underwent repair of TEF laryngotracheoplasty 
Montgomery procedure to close vocal cords because 


of persistent aspiration, died 
None 


Self-expanding zigzag metal stent to L main stem 
bronchus, died 
Prolonged continuous positive airway pressure 


Laryngotracheoplasty 

Failed tracheopexy and extended tracheotomy tube, 
died 

None 

None 


None 


Died 


None 


Ligation and division of L arch, requires 
elongated tracheotomy tube 

Nissen fundoplication 

One of triplets 


Ligation and division of L arch 


-Died 


Endoscopy at 3 d of age with ball valve L main stem 
obstruction, repeat endoscopy at 3 y of age showed 
mild clinically insignificant bronchomalacia 

None 

None 


TEF — tracheoesophageal fistula, TVC — true vocal cord, GER — gastroesophageal reflux, PDA — patent ductus arteriosus, VSD — ventricular septal defect, ASD — atrial 
septal defect, BPD — bronchopulmonary dysplasia, ROP —~ retinitis of prematurity, RAD — reactive airway disease. 
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‘60 children, absence of the longitudinal muscle 
orrelated with intrathoracic tracheal collapse.!’ These 
hanges may be due to an embryologic mishap or 
cquired from chronic high airway pressures leading 
> an enlarged collapsing airway.'!* The cause of the 
irway collapse remains unclear. 


We have noted three distinct types of major airway 
ollapse (MAC; Fig 1). Type 1 is congenitally present 
1 infants or children and does not involve external 
irway compression. Baxter and Dunbar? referred to 
us as primary tracheomalacia and felt it was due to 
trinsic tracheobronchial cartilage immaturity. Oth- 
rs postulated that the disorder was due to abnormal 
artilage composition. !?:7° No human histopatholog- 
> or histochemical studies have been performed to 
ubstantiate these theories. Type 1 is seen in some 
remature infants and has been identified in children 
ith associated congenital anomalies such as esopha- 
eal atresia, tracheoesophageal fistula,’ mucopoly- 
accharidosis,*° and Larsen’s syndrome.”! It is un- 
ommon for this type to be seen as an isolated finding 
‘ithout associated anomalies. 


Major airway collapse type 2 is seen in infants or 
uldren with abnormalities involving extrinsic tra- 


Fig 1. Schematics and endoscopic photographs of trachea. A) 
Normal trachea withratio between cartilage and posterior mem- 
brane of approximately 4.5 to 1. B) Major airway collapse type 
1. Cartilage to posterior membrane ratio approaching 2 to 1 is 
seen at birth. Type 1 is caused by intrinsic tracheal or bronchial 
abnormalities. We have found type 1 to be associated with 
esophageal atresia, tracheoesophageal fistula, mucopolysaccha- 
ridosis, and Larsen’s syndrome. (Continued on next page.) 





cheal and/or bronchial compression and, consequent- 
ly, may be congenital or acquired; these include 
cardiovascular anomalies (eg, double aortic arch,2? 
late takeoff of the innominate artery,” and left atrial 
hypertrophy4), bronchogenic cysts,?> teratomas,?5 
cystic hygromas,*> hemangiomas,”> pectus excava- 
tum,”® severe scoliosis,” thymus enlargement,” and 
goiter.” Type 2 is caused by extrinsic effects on 
previously normal airway cartilage, and the ratio of 
the arch to the posterior membranous wall may be 
unchanged at 4.5 to 1, despite the obvious deformity. 


Major airway collapse type 3 is an acquired malacia 
arising from prolonged increased ventilatory airway 
pressures, from tracheotomy," or from inflammatory 
processes causing severe tracheobronchitis.>?9 Type 
3, or acquired malacia, is initially progressive and has 
been seen to worsen over months, both clinically and 
endoscopically. In our experience, this has been seen 
most frequently in children with tracheotomies. 


Types 1, 2, and 3 usually occur separately, but may 
be found in combination with each other. Both types 
1 and 3 have a characteristic static endoscopic ap- 
pearance with flattening of the cartilaginous arch and 
widening of the posterior membranous wall. This 
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Fig 1, continued. C,D) Major airway collapse type 2. C) Cartilage to posterior membrane ratio approaching 2 to 1 is 
commonly seen. Type 2 is caused by extrinsic effects on previously normal airway cartilage and may be congenital or 
acquired. Causative factors include cardiovascular anomalies (eg, innominate artery compression, as shown here), 
bronchogenic cysts, and others. D) Major airway collapse type 2 without 2 to | ratio of cartilage to posterior membrane. 
Obvious deformity of airway is noted, yet ratio may remain normal in type 2. This form of type 2 is not as common as 
its malacic counterpart, shown in C. E) Major airway collapse type 3. This is acquired malacia with ratio of carillage to 
posterior membrane approaching 2 to 1. This may be seen in infants and children with tracheotomies (shown here), 
prolonged increased ventilatory airway pressures, or severe inf lammatory diseases. 


often approaches a 2 to 1 ratio. The strength of the We recommend the use of these new descriptive 
cartilaginous arch may be normal initially, but even- terms — MAC types 1, 2, and 3 — and feel the term 
tually the arch will develop increased flaccidity with TBM should be used only when the posterior mem- 


widening of the posterior membranous wall. branous wall is widened, approaching the 2 to 1 ratio. 
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Fig 2. Endoscopic analysis of major airway collapse (MAC). A) 
Telescopic bronchoscopy of MAC segment with laryngoscopic 
anesthetic insufflation (proper method), B) Telescopic bron- 
choscopy of MAC segment with telescope tip well beyond 
tracheoscope (proper method). C) Telescopic bronchoscopy of 
MAC segment with telescope tip within tracheoscope. Presence 
of MAC is masked by stenting of tracheoscope (improper method). 





Embryologically, both the trachea and esophagus 
are formed from the foregut. Major airway collapse 
type 1 may be caused by a faulty division of the 
foregut, with the trachea receiving too much tissue 
during embryonic separation. This theory would ac- 
count for the widened posterior membranous wall 
and the strong association of TBM with esophageal 
atresia and tracheoesophageal fistula. Laryngomalacia 
is usually not associated with MAC, as the larynx 
does not develop from the foregut. Maturation of the 
trachea and bronchus precedes alveolar develop- 
ment,°° but the conducting airways are still prema- 
ture at birth; hence, there is a strong association of 
MAC with prematurity. Tracheobronchomalacia also 
has been theorized to be secondary to an immature 
autonomic nervous system.*! Three (8%) children in 
our study with TBM had associated neuromuscular 
anomalies. 


In children with respiratory distress suggestive of 
MAC, a thorough endoscopic examination is critical. 
Any anesthetic technique using paralysis will mask a 
flaccid airway. In order to appreciate the presence 
and degree of malacia, spontaneous ventilation with 
lightened anesthesia is recommended. A hand-held 
ventilating laryngoscope*” is recommended because 
itallows the surgeon to minimize distortion of the soft 
laryngotracheal structures; a fixed suspension may 
lead to misdiagnosis due to iatrogenic contortion of 


C 


the upper tracheal anatomy. A complete laryngoscopy 
is performed. Then, instead of passing a rigid venti- 
lating bronchoscope through the glottis, which di- 
lates and masks the malacic segment, a 0° telescope 
is atraumatically passed into the trachea and main 
stem bronchi. A 4-mm telescope provides optimal 
visualization and photodocumentation, but 2.7-mm 
and 1.9-mm telescopes are now available for small 
infants or premature neonates, or for babies with 
stenotic or distorted airways. These telescopes are so 


~ small as to not dilate the collapsed airway, and the 


malacia is readily identified. If a child requires ven- 
tilatory support, a ventilating tracheoscope is posi- 
tioned. with its tip just below the glottis. This instru- 
ment is simply a bronchoscope without the ventilat- 
ing side ports on the barre]. The examination is then 
accomplished with a telescope that extends at least 2 
to 4 cm beyond the tracheoscope tip in order to avoid 
stenting the malacic airway open (Fig 2). 


A flexible bronchoscope can be used either in 
conjunction with spontaneous ventilation with laryn- 
goscopic insufflation or if placed through a tracheo- 
scope. Flexible scopes are now made with control- 
lable distal tips as small as 1.9 mm in diameter; even 
smaller scopes are available with noncontrollable 
tips. However, the imagery of flexible fiberoptic 
scopes is inferior to that of rigid scopes of comparable 
size. 


Nel 
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Fig 3. Left main stem bronchomalacia. Ratio of cartilage 
to posterior membrane approaching 2 to 1 is noted on left. 
This form of major airway collapse type 2 was due to 
enlarged and malpositioned pulmonary artery. 


Fluoroscopy has been used to study the infant’s 
airway during feeding and crying. Continuous posi- 
tive airway pressure may be adjusted under fluoro- 
scopic control to evaluate tracheobronchial patency. 
Unfortunately, radiographic measurements of trache- 
al and bronchial dimensions have an unacceptably 
wide range of variation.*? Overall, fluoroscopy and 
cine~computed tomography* can only suggest the 
diagnosis of MAC; confirmation must be obtained by 
endoscopy. Magnetic resonance imaging, computed 
tomography, angiography, barium swallow studies, 
and ultrasound may be helpful in determining the 
cause of MAC (eg, bronchogenic cyst, vascular ring, 
or congenital heart disease). 


It is apparent that a staging system is required to 
properly define MAC. We suggest that severity be 
graded by the percentage of airway obstruction noted 
at end expiration with a system comparable to that 
used for subglottic stenosis.35 “Mild” describes less 
than 70% obstruction, “moderate” is greater than 
70% but less than 90%, and “severe” translates to 
greater than 90% obstruction. It is important to have 
the anesthetized child breathing spontaneously dur- 
ing endoscopy in order to properly gauge severity. 


Couvreur et al°° reported 127 cases of pediatric 
TBM. Their criterion for diagnosis is only 50% 
expiratory airway obstruction noted under local anes- 
thesia without regard to the cartilage-membrane ra- 
tio. We are concerned about this technique of exami- 
nation under local anesthesia in children, as it can 
result in excessive irritation to the tracheobronchial 
mucosa leading to spasm and airway compromise. 
These reactions should not be confused with MAC. 


Several authors have reported TBM, like laryngo- 
malacia, to be a self-limiting disease that disappears 


by the age of 18 to 24 months.326 Although the 
clinical severity of MAC may decrease over time, the 
endoscopic findings of the altered cartilage-mem- 
brane ratio may persist indefinitely. Wood?’ reported 
seven children between 7 and 13 years old with 
intractable cough labeled with a variety of rotating 
diagnoses and treated by multiple therapeutic regi- 
mens. Endoscopy revealed localized tracheomalacia 
or bronchomalacia in each child. We have performed 
several endoscopies on older children and adults with 
MAC previously diagnosed as poorly controlled re- 
active airway disease or psychogenic coughing. 


Because 58% of our children with MAC had asso- 
ciated cardiovascular abnormalities, a thorough car- 
diac workup to include an electrocardiogram and an 
echocardiogram is recommended once the diagnosis 
has been substantiated. The mechanisms relating car- 
diovascular disorders to lower airway disease (car- 
diac asthma) may be the link between cardiovascular 
disorders and MAC.?° 


Bronchomalacia is diagnosed by an altered carti- 
lage-membrane ratio in either or both main stem 
bronchi and may be associated with congenital lobar 
emphysema.!> Left main stem disease seems to be 
much more common than right-sided bronchomala- 
cia?! (Fig 3). The left main stem is normally smaller 
and usually comes off the trachea with greater angu- 
lation than the right main stem; this configuration 
may suggest an abnormal airway when in fact no 
anomaly exists. Left bronchomalacia may result from 
left atrial enlargement and increased pulmonary ar- 
tery pressure.” Careful straight and angled telescop- 
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Fig 4. By decreasing ratio of cartilage to posterior mem- 
brane from normal value of 4.5 to 1 to value seen with 
tracheobronchomalacia (2 to 1), dynamic cross-sectional 
airway area is altered. Normal airway loses only 3.7% of 
its area on expiration, while malacic airway loses at least 
23% of its area when elongated posterior membranous 
wall collapses on expiration. Cross-sectional airway area 
comparisons were computed on Zeiss Zidas plotter and do 
not account for hypotonic cartilage and possible mucosal 
inflammation further obstructing airway with major air- 
way collapse. 
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ic bronchoscopy is necessary to make an accurate 
diagnosis. 


By using a computer model, the amount of airway 
obstruction caused by altering the cartilage-mem- 
brane ratio and observing the Venturi effect can be 
graphically measured (Fig 4). Anterior motion of the 
normal posterior membranous wall during expiration 
causes only a 3.7% decrease in airway area. Elevation 
of a malacic posterior membranous wall in a 2 to 1 
cartilage-membrane ratio model results in a 23.4% 
obstruction. Both the anteriorly flattened cartilagi- 
nous arch and mucosal irritation with edema from 
turbulent airflow may worsen the airway obstruc- 
tion and contribute to the severe expiratory obstruc- 
tion witnessed during endoscopy. These two dynam- 
ic factors are not accounted for in the computer 
models. 


As expected, children with mild MAC tended to 
fare better than those with the severe form. Endoscopic 
assessment of severity did not always correlate with 
the clinical presentation. Some children with endo- 
scopically severe MAC required minimal therapy, 
while others, with endoscopically mild to moderate 
MAC, required aggressive intervention. 


In our series, treatment of MAC was based on the 
clinical manifestations of the disease. Clinically mild 
cases required only observation with respiratory phys- 
iotherapy and humidification as necessary. Parents 
were given reassurance, and the symptoms generally 
subsided with time. Clinically severe cases require 
more aggressive management. Prolonged continuous 
positive airway pressure (5 to 20 cm H20) may be 
necessary to minimize clinical symptoms.38 When 
possible, treatment is directed at the underlying cause 
of MAC (eg, vascular anomalies, tracheoesophageal 





Fig 5. Venturi effect. During expi- 
ration, velocity of air in major air- 
way collapse airway (V2) must be 
greater than laminar airflow in 
normal airway segment (V1). In 
accordance with Bernoulli’s equa- 
tion of energy conservation, 
intratracheal or intrabronchial 
pressure within MAC airway (P2) 
must be less than pressure within 
normal airway segment (P1). Pres- 
sure differential causes elevation 
of flaccid mucosa. This elevation 
is further enhanced by normal com- 
pression of airway secondary to 
increased intrathoracic pressure of 
expiration (P Thorax). 


fistula, pectus excavatum, neoplasms). Surgical in- 
tervention is warranted when reflex apnea is present 
or when medical therapy is ineffective. 


Although tracheotomy with an elongated tube has 
been advocated to bypass a malacic segment,?? we 
are concerned about this form of therapy for several 
reasons. Tracheotomy negates the glottic mechanism 
of increased intratracheal pressure and may weaken 
the cervical tracheal arches, making decannulation 
more difficult. The elongated tube may cause ob- 
structive granulation tissue at the distal port, leading 
to a functional tracheal stenosis. Continuous positive 
airway pressure is difficult to effectively adminis- 
ter with a new tracheotomy. The risk of infection is 
increased with a tracheotomy, especially if an intra- 
thoracic procedure such as an aortopexy is being 
considered. The elongated tube must remain above 
the carina; otherwise, induced bronchospasm will 
result. Aortopexy” for suspension of the anterior 
tracheal wall, resection of the malacic segment with 
reanastomosis,!° external splinting,*! and endoscop- 
ic placement of expandable stents in the malacic 
segment” are surgical options for severe refractory 
cases. Mortality has been reported as high as 80%,"! 
but depends on the severity of the disease. 


Previous reports of TBM state that the onset of 
symptoms does not begin until at least 1 month after 
birth and usually much later.*°3 Our data demon- 
strate that respiratory obstructive symptoms in the 
congenital types are almost always noted at birth 
(95%), but may escalate in severity during the ensu- 
ing months. Newborns with cyanosis, apneic attacks, 
or air trapping with poor ventilation should be 
promptly evaluated for MAC with endoscopy. Im- 
proved outcomes may be enhanced by early diagno- 
sis and aggressive management. 
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AIRWAY AND OTHER COMPLICATIONS OF PERCUTANEOUS 
ENDOSCOPIC GASTROSTOMY IN HEAD AND NECK 
CANCER PATIENTS 


DAVID A. RILEY, MD 


MELVIN STRAUSS, MD 


CLEVELAND, OHIO 


The purpose of this study was to look at complications associated with percutaneous endoscopic gastrostomy (PEG) in a group of 
head and neck cancer patients. We retrospectively reviewed charts of 46 patients referred for PEG. Three of 29 patients without secured 
airways (10.3%) had acute airway obstruction after administration of sedation for the PEG procedure. Two required emergency 
tracheostomy. Three additional patients of these 29 (10.3%) presented within 2 months of their PEG attempts with tumor-related airway 
obstruction requiring emergency tracheostomy. There were no other serious complications noted in our review. We concluded that our 
group of head and neck cancer patients were at high risk for airway obstruction, especially when sedated, and that the acute risk was not 
directly associated with the PEG procedure. We also concluded that referral for PEG should be made in anticipation of future nutritional 
needs and that PEG should not be used only as a late-stage procedure. 


KEY WORDS — airway obstruction, complications, head and neck cancer, nutrition, percutaneous endoscopic gastrostomy. 


INTRODUCTION 


Since percutaneous endoscopic gastrostomy (PEG) 
was first developed at our institution a decade ago by 
Gauderer et al,! it has become a well-accepted proce- 
dure. Head and neck cancer patients are ideal candi- 
dates for this procedure, because they generally have 
functioning upper gastrointestinal tracts. The general 
consensus has been that the procedure is relatively 
very safe, with very low rates of morbidity and mor- 
tality.!-7 However, we have observed what seemed to 
be a large number of major airway complications in 
a group of head and neck cancer patients undergoing 
PEG placement. The purpose of this study is to 
review the complications and other characteristics of 
a group of head and neck cancer patients who were 
candidates for PEG at our institution. 


MATERIALS AND METHODS 


The records of 46 head and neck cancer patients at 
the University Hospitals of Cleveland (19 patients) 
and the Cleveland Veterans Administration Hospital 
(27 patients) who were referred for PEG between 
February 1, 1984, and February 1, 1990, were retro- 
spectively reviewed. Each record was evaluated for 
sex and age of the patient, location of tumor, treat- 
ment given before or at the time of PEG placement, 
tumor status at the time of PEG placement, success in 
placing the PEG, complications of the procedure, 
length of time of PEG use, and indications for re- 
moval of the PEG. 


RESULTS 


The charts of 46 patients referred for PEG place- 
ment were reviewed. There were 39 men and 7 
women. The average age was 61, with a range from 
46 to 87. Fifteen patients had primary lesions of the 
hypopharynx, 14 patients had lesions of the oral 
cavity, 8 patients had oropharyngeal lesions, 4 pa- 
tients had laryngeal lesions, 1 patient had a primary 
maxillary sinus lesion, and 1 patient had a tumor of 
the cervical esophagus; the location of the primary 
lesion was unknown in 3 patients. 


Thirty patients underwent major surgical proce- 
dures prior to referral for PEG placement. All but 2 
patients received preoperative or postoperative ra- 
diotherapy. Most patients had late stage disease (22 
patients) at the time of PEG referral or had demon- 
strated inadequate swallowing after surgery or after 
beginning radiotherapy (14 patients). Only 4 patients 
had PEG placement in anticipation of swallowing 
difficulty (Fig 1). 


Of the 46 referrals, PEG was attempted on 39 
patients. Thirty-three patients had successful PEG 
placement after a total of 43 attempts for a 77% suc- 
cess rate. Thirteen patients (28% of the 46) had open 
gastrostomy (Fig 2). In 7 patients, PEG was not at- 
tempted because of anticipated difficulty in passing 
the endoscope. All but 2 procedures were done in the 
operating room suite. All but 4 procedures were per- 
forrned under local anesthesia with intravenous seda- 
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Fig 1. Timing of placement of percutaneous endoscopic 
gastrostomy. Anticipation — in anticipation of swallow- 
ing difficulty, Recurrent/advanced — at time of recur- 
rence of tumor 6 months or more after last surgical 
procedure, or with advanced inoperable tumor, Post-op — 
postoperatively after failing to recover adequate swallow, 
XRT — after or during radiotherapy. 


tion. 


Several patients had major complications or other 
difficulties with PEG placement (Fig 3). Three of 29 
patients (10.3%) who had not had their airways 
previously secured by tracheostomy or laryngectomy 
had acute airway obstruction and respiratory arrest at 
the time of the PEG procedure. Two of these 3 pa- 
tients required emergency tracheostomy. Airway diffi- 
culties in these patients were encountered after the 
administration of sedation and prior to the beginning 
of the actual procedure. One patient experienced a 
supraventricular tachyarrhythmia at induction of an- 
esthesia. Stricture and tumor obstruction were listed 
as reasons for inability to pass the endoscope in 5 
patients. Two of these 5 patients presented at 17 and 
18 days after the unsuccessful attempts with acute 
airway obstruction requiring emergency tracheosto- 
my. One additional patient who had successful PEG 
placement presented at 2 months postoperatively 
with tumor-related airway obstruction requiring emer- 
gency tracheostomy. 


There were 12 long-term minor complications, 
most of which consisted of local problems at the 
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gastrostomy tube site on the abdominal wall. There 
were four leaks. One of these patients required revi- 
sion of his gastrostomy. There were two occurrences 
of minor inflammation at the PEG site. Two patients 
had breakdown at their gastrostomy sites requiring 
closure of the PEG site and performance of open 
procedures. One of these patients had tube obstruc- 
tion and infection at the PEG site. Another patient 
required psychiatric care after becoming suicidal 
because of his multiple tubes and associated social 
changes. 


The average length of time of PEG use was 5.5 
months. The range was from 2 weeks to 26 months. 
Only one patient had a PEG removed before dying. 


DISCUSSION 


In a review of the literature we found five papers 
addressing the topic of PEG and the head and neck 
cancer patient. The reported success rates were 
generally high (>90%). Stellato and Gauderer® had a 
lower success rate in patients with head and neck 
tumors (87%). This compares with a 77% success 
rate in our study. The fact that the patients in our study 
had lesions of more advanced stages may explain this 
finding. Hunter et al? reported two episodes of tran- 
sient respiratory arrest (4%) during the procedure 
thought to be related to heavy sedation, and another 
patient who had a near—respiratory arrest that was 
averted by quickly removing the endoscope. These 
airway complications led the authors to develop a 
policy of resecting tumor or performing a tracheos- 
tomy in all patients with cancers narrowing the air- 
way before placing a PEG. 


Stellato and Gauderer® reviewed their experience 
with PEG in a group of 15 patients with head and neck 


tumors (11 oropharyngeal and 4 laryngeal). Three 


patients with advanced oropharyngeal tumors devel- 
oped severe respiratory compromise. One patient 
apparently developed respiratory distress during the 
procedure, and the other 2 prior to the start of the 


Fig 2. Success of placement of percutaneous 
endoscopic gastrostomy (PEG). Forty-six pa- 
tients were referred for gastrostomy (Total Re- 
ferrals). PEG was attempted (PEG Attempts) 43 
times on 39 patients (Patients Attempted). Thirty- 
three attempts were successful. Open gastros- 
tomy was done on 13 patients because of either 
failed PEG attempt or anticipation of failure. 
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procedure. One ceased breathing after being sedated. 
(The study of Stellato and Gauderer® was done at one 
of the same institutions as the study now being 
presented during a different but overlapping time 
period. No patients with airway obstruction were 
included in both studies. Thus, combining the find- 
ings of both studies, we find six episodes of acute 
airway distress during PEG procedures at one of our 
institutions over an approximately 10-year period.) 
The other authors*-5 concluded that PEG was safe in 
head and neck cancer patients. 


Only one of the patients in our series had a PEG 
removed once it was placed. The tendency at our 
institution seems to be to withhold gastrostomy until 
the patient’s condition is terminal or the patient has 
declared himself or herself incapable of swallowing 
effectively over a relatively long period of time. 
Shike et al’ and Luetzow et alt were able to remove 
the gastrostomy tube in a high percentage of selected 
groups of patients (58% and 24%, respectively). 
Their findings suggest that gastrostomy can be used 
more aggressively in patients in nonterminal condi- 
tion by being placed earlier and removed success- 
fully if adequate swallowing function returns. Gardine 
et al’ addressed the question of predicting the need 
for prolonged use of enteral supplementation in the 
patient with head and neck cancer. In a review of 109 
consecutive charts they were able to identify four 
statistically significant factors predictive of the need 
for long-term tube feedings. Fifty-eight percent of 
patients with two or more of the following risk factors 
required tube feedings for longer than 30 days: 1) 
stage IV cancers, 2) primary pharyngeal tumors, 3) 
combined treatment using surgery and irradiation, 
and 4) preoperative weight loss of more than 4.5 kg 
(10 Ib). They support the early placement of gastros- 
tomy tubes in these patients. Hunter et al? also advo- 
cated early PEG placement in these patients, prefer- 
ably before radical surgery or soon afterward. 


The results of our study suggest that patients with 


Fig 3. Complications of percutaneous 
endoscopic gastrostomy (PEG). Denomi- 
nators are different for various categories 
and are based on groups identified in Fig 
2. Suicidal — suicidal ideation, Arrhyth- 
mia— easily controlled supraventricular 
tachycardia, Minor Tube Problem — tube 
plugging and dislodgment, Inflammation 
—redness, tenderness, or excessive gran- 
ulation tissue at PEG site, Death (30d.)— 
deaths not directly related to PEG place- 
ment within 30 days of placement. 


10.30% 
| 
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advanced head and neck cancers with or without a 
history of major surgery are at risk (10.3%) for life- 
threatening airway obstruction if they are subjected 
to instrumentation and/or sedation. Two additional 
patients who presented with airway obstruction ap- 
proximately 21/2 weeks after attempted PEG may 
represent true complications of this procedure. The 
high overall incidence of airway obstruction in this 
study (20.6% combined acute and delayed) certainly 
reflects an underlying predisposition for patients 
with large tumors in their airways to have airway 
obstruction. Our airway complication rate was calcu- 
lated after subtracting the 10 patients with previous 
total laryngectomy and tracheostomy who therefore 
were not at risk for losing their airways. The patients 
in our study seemed to have been referred for PEG at 
amore advanced stage of disease and possibly a more 
advanced state of malnutrition than those in other 
reviews. Malnutrition may have contributed to a 
higher complication rate.’ A recent study established 
that patients with normal upper airways having upper 
and lower endoscopy tend to have arterial oxygen 
desaturation.? Fifteen percent of patients having up- 
per endoscopy desaturated to 85% or less. Possible 
reasons suggested for the observed desaturations 
include sedation, large endoscope size, and aspira- 
tion of minute amounts of gastric contents. Patients 
with pharyngeal and oral cancers may be at even 
greater risk for desaturation and subsequent respira- 
tory distress than patients with normal airways. 


CONCLUSION 


Patients in our series of head and neck cancer 
patients undergoing PEG procedures experienced a 
high rate of serious airway problems during and 
following PEG placement. This has been reported 
and addressed as a complication only in the general 
surgery literature. We strongly suggest the following. 


1. The practice of placing a PEG by using exten- 
sive intravenous sedation or general anesthesia in 
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patients with advanced head and neck cancers should 
be avoided unless the tumor has been surgically 
removed or the airway has been secured by place- 
ment of a tracheostoma. At the very least, all equip- 
ment, drugs, and personnel required for securing an 
airway emergently should be immediately available. 


2. Patients with advanced head and neck tumors 
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and without secured airways should have PEG proce- 
dures performed in an operating room. 


3. Patients at risk for requiring long-term enteral 
feeding should be identified and referred earlier for 
PEG placement; PEG should not be used only as a 
late-stage procedure. 
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ACQUIRED LARYNGOMALACIA: EPIGLOTTIS PROLAPSE 
AS A CAUSE OF AIRWAY OBSTRUCTION 


PEAK Woo, MD 


SYRACUSE, NEW YORK 


Epiglottis prolapse during inspiration is an unusual cause of upper airway obstruction. It occurs primarily in patients who have lost 
pharyngeal airway support because of previous surgery or after head injury and coma. Eight cases of epiglottis prolapse are presented. 
One patient had epiglottis prolapse after resection of floor of mouth cancer and another after laryngeal fracture. The rest of the cases were 
seen in patients recovering from head injury and coma. Videolaryngoscopy shows the larynx to assume an ovoid shape within the 
pharynx. There is loss of the usual anterior to posterior pharyngeal and laryngeal dimension. The epiglottis is in a more horizontal position 
at rest. During inspiration, the epiglottis prolapses into the endolarynx, causing subtotal airway obstruction. Laryngeal obstruction due 
to epiglottis prolapse can prevent decannulation in the head-injured and can be the cause of obstructive sleep apnea. Endoscopic carbon 
dioxide laser epiglottectomy was successful in management of these cases. 


KEY WORDS —acquired laryngomalacia, airway obstruction, epiglottis prolapse. 


INTRODUCTION 


Supraglottic airway collapse is a well-recognized 
cause of laryngeal stridor in children. Laryngomala- 
cia is the most common cause of stridor innewborns.! 
However, collapse of normal supraglottic structures 
in adults has rarely been described as a cause of 
airway obstruction. Templer et al? described a case of 
congenital laryngeal anomaly persisting into adult- 
hood. Peron et al? reported on their experience with 
treatment of redundant aryepiglottic folds as a cause 
of stridor. Their series of seven older patients had 
flaccid and redundant aryepiglottic folds as a cause 
of stridor occurring after central nervous system 
(CNS) injury. This was attributed to CNS disease in 
their patients. Kletzker and Bastian* also reported 
three cases of acquired airway obstruction due to 
histologically normal supraglottic soft tissue. These 
patients also had redundant aryepiglottic folds as the 
cause of airway obstruction. They were treated suc- 
cessfully by endoscopic removal of the redundant 
aryepiglottic folds. Our report presents eight addi- 
tional cases of acquired supraglottic airway collapse 
as a cause of stridor. Unlike the other reports, the 
cause of airway obstruction in this series was prolapse 
of the epiglottis during inspiration. This airflow 
induced collapse of the epiglottis, which may also be 
termed acquired laryngomalacia, was the cause of 
severe upper airway obstruction in adults. 


MATERIALS AND METHODS 


Eight cases of epiglottis prolapse causing severe 
airway obstruction have been identified. Six patients 
were evaluated because they could not be decannulated 


after tracheostomy. All had severe CNS insults; all 
had severe stridor and airway obstruction upon being 
capped during the decannulation process. All six 
were in the process of recovering from coma. Two 
other patients were evaluated for progressive obstruc- 
tive sleep apnea after previous surgery involving the 
larynx and pharynx. 


CASE REPORTS 


Case 1. A 19-year-old, previously healthy man was 
involved in a motor vehicle accident on July 3, 1988. 
He sustained extensive closed head injury requiring 
ventriculostomy, posterior fossa craniotomy for evac- 
uation of hematoma, and a ventriculoperitoneal shunt. 
An uncomplicated tracheostomy was performed 10 
days after admission. On September 14, the otolaryn- 
gology service was consulted to evaluate severe stri- 
dor occurring when his tracheostomy tube was capped. 
His neurologic condition was, at this time, improved 
enough to consider decannulation. He was aware, 
awake, and able to cough on command. Flexible lar- 
yngoscopy and tracheobronchoscopy was done. It 
showed a sizeable amount of peristomal granulation 
tissue and a flaccid, horizontally positioned epiglot- 
tis (Fig 1A). The peristomal granulation tissue was 
believed to be the source of stridor. On October 18, he 
underwent complete excision of suprastomal granu- 
lation tissue by use of the carbon dioxide (CO2) laser 
bronchoscope. He was decannulated the next day. 
Immediately after decannulation, severe inspiratory 
stridor with oxygen desaturation occurred. The pa- 
tient was reexamined. On fiberoptic laryngoscopy, 
the epiglottis was seen to be sucked into the larynx 
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Fig 1. Photographs of epiglottis 
prolapse during inspiration in four 
patients. e — tip of epiglottis. A) 
(Case 1) Notice posterior and hori- 
zontal tilt of epiglottis. B) (Case 
3) Notice impaction of epiglottis 
against posterior pharyngeal wall. 
C) (Case 4) Notice subtotal airway 
occlusion. D) Case 5. 


during inspiration, thus causing subtotal upper air- 
way obstruction. Examination of the rest of the larynx 
and trachea revealed normal findings. He was re- 
turned to the operating room. A partial epiglottis 
resection with the CO2 laser was performed through 
the operating laryngoscope. Surgical excision con- 
sisted of resection of the superior half of the suprahyoid 
epiglottis. After this endoscopic procedure, there was 
complete relief of inspiratory stridor and the patient 
was discharged home decannulated and without stri- 
dor. Follow-up examination at 2 years showed excel- 
lent swallow function and respiration without airway 


Fig 2. (Case 2) Photographs of 
larynx during inspiration. e — epi- 
glottis. A) Partial epiglottectomy 
relieves flow-induced epiglottis 
prolapse without major resection 
of normal structures. B) Preopera- 
tive view. Larynx is obscured by 
epiglottis with symptoms of noc- 
turnal airway obstruction. 





obstruction. Laryngoscopy showed a shortened epi- 
glottis in an upright posture without prolapse. 


Case 2. A 68-year-old woman presented with a 
T4NOMO squamous cell carcinoma of the oral vesti- 
bule due to smokeless tobacco. She was treated in 
February 1986 by a composite resection. Resection 
margins included all suprahyoid structures, the man- 
dible, and the entire floor of the mouth. She was 
reconstructed with a large myocutaneous flap and a 
mandible reconstruction plate (AOQ-ASIF). She did 
well until June 8, 1988, when she was reevaluated for 
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complaints of daytime somnolence, nocturnal apnea, 
and stridor. When placed in a supine position, she 
became quite dyspneic. Flexible laryngoscopic exam- 
ination and radiographic tests failed to show a recur- 
rence. However, on fiberoptic laryngoscopy, the epi- 
glottis was tilted in a posterior and horizontal posi- 
tion. With each inspiration, the epiglottis fluttered 
inferiorly and obstructed the laryngeal inlet. The 
patient was treated by tracheostomy followed by CO2 
laser endoscopic epiglottectomy to remove the supe- 
rior half of the suprahyoid epiglottis. 








Fig 3. (Case 4) Severe obstruction during inspira- 
tion. Sequential frames of epiglottis and larynx 
during respiration. A) Epiglottis prolapse during 
inspiration. B) End of inspiration. C) Expiration. 
D) Beginning of inspiration. 


She tolerated the procedure well and was decan- 
nulated immediately after the operation without inci- 
dent. Immediately, she was able to sleep better and 
was able to lie flat. Follow-up at 2 years has shown an 
excellent airway with complete relief of obstructive 
sleep apnea. Figure 2 shows the preoperative view 
and the postoperative result. A better airway is ob- 
served after surgery. 


Case 3. A 32-year-old man had blunt trauma to the 
neck with laryngeal fracture in 1984. He was treated 


Fig 4. (Case 4) Mild obstruction. Sequential 
frames during respiration. Same patient as in Fig 
3, 6 months later. A) Epiglottis prolapse during 
inspiration. B) End of inspiration. C) Expira- 
tion. D) Beginning of inspiration. 
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pn 5. Schematic of f es collapse of epiglottis. A) 
Beginning of inspiration. B) Midcycle inspiration. C) 


Complete collapse at end of inspiration. D) Relief of 
airway obstruction during expiration. 





elsewhere with thyrotomy, laryngeal stenting, and 
tracheostomy. He was decannulated successfully in 
1985 after several operations. In June 1988, he came 
to the otolaryngology clinic because of progressive 
dyspnea with exertion, nocturnal airway obstruction, 
and inability to lie flat without dyspnea. Flexible 
fiberoptic laryngoscopy showed the following: the 
lingual tonsils were large, the hypopharynx was 
crowded, and the posterior tip of the epiglottis was 
touching the posterior pharyngeal wall (Fig 1B). 
With each inspiration, the epiglottis was drawn pos- 
teriorly into ahorizontalposition and collapsed against 
the posterior hypopharyngeal wall, thereby obstruct- 
ing the airway. The vocal folds were mobile and the 
trachea was open. In addition to these findings, the 
aryepiglottic folds and the arytenoids also appeared 
swollen and redundant. The patient was treated by 
partial CO2 laser epiglottectomy, and resection of re- 
dundant aryepiglottic folds. He had immediate relief 
of his airway symptoms. He remained free of symp- 
toms 6 months later. 


Case 4. A 49-year-old man was struck by a motor 
vehicle on May 23, 1988. He sustained closed head 
injury with coma. A tracheostomy was performed 
shortly after his injury. He was transferred to a 
neurologic rehabilitation center. On July 6, fiberoptic 
laryngoscopy was done to assess laryngeal function 
prior to attempted decannulation. 


Fiberoptic examination showed a narrowed hypo- 
pharynx in that the tongue base was close to the 


posterior pharyngeal wall. The epiglottis was tilted in 
a horizontal position, occluding the larynx with each 
inspiratory effort. The patient was also aspirating his 
oral and pharyngeal secretions. Because of his aspi- 
ration, decannulation was delayed. Reexamination 6 
months later showed a man with dramatically im- 
proved mental status, less aspiration, and markedly 
less epiglottis prolapse on inspiration. The hypopha- 
ryngeal dimension was also much wider and the epi- 
glottis was less horizontally placed. Although the 
epiglottis still fluttered with inspiration, it was no 
longer touching the posterior pharyngeal wall. The 
patient was decannulated at that time without diffi- 
culty. 


Reexamination 6 months later showed further im- 
provement in mental status. Laryngoscopy revealed 
a normal-appearing larynx without posterior epiglot- 
tis prolapse or epiglottis flutter. 


RESULTS 


As part of this study, a retrospective review of 
videolaryngoscopy from 118 patients with severe 
closed head injuries was done. Of these, supraglottic 
airway obstruction due to epiglottis prolapse or epi- 
glottis flutter was identified in 13 cases. The degree 
of obstruction varied from mild to severe. While only 
6 patients were identified as having severe epiglottis 
prolapse as the cause for failure of decannulation, the 
rest had milder forms of obstruction by an abnormal 
epiglottis that contributed to stridor. All these pa- 
tients were healthy prior to their neurologic insult. 
The types of central neurologic injury included dif- 
fuse anoxic injury, intracerebral hemorrhage, hydro- 
cephalus, brain stem infarction, and closed head 
injury. All the patients with acquired epiglottis pro- 
lapse were in various degrees of coma on initial 
examination. Most still had alow score on the Glasgow 
Coma Scale. Common fiberoptic laryngoscopy find- 
ings in these patients included poor voluntary laryn- 
geal and tongue control, poor neuromotor control to 
achieve pharyngeal dilation, and poor neuromotor 
control of deglutition. In these patients, despite their 
being examined in an upright posture, the epiglottis is 
tipped posteriorly and assumes a slightly horizontal 
posture. The tip of the epiglottis is in close proximity 
to the posterior pharyngeal wall. With inspiration, the 
epiglottis flutters and is displaced posteriorly and 
inferiorly. Upper airway obstruction occurs by im- 
paction of the epiglottis against the posterior pharyn- 
geal wall or by prolapse of the epiglottis onto the 
arytenoid and aryepiglottic folds. 


The severity of airway obstruction is flow rate— 
dependent and is made worse by vigorous inspiratory 
efforts. Figure 3 is a sequential photograph of the 
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CLINICAL CHARACTERISTICS OF EIGHT PATIENTS WITH ACQUIRED LARYNGOMALACIA 


Date Date 
0 of 

Case Age Sex Injury Exam Cause 

1 19 M 713/88 9/14/88 Motor 
vehicle 
accident, 
coma 

2 68 F 1/3/86 6/8/88 Supra- 
hyoid can- 
cer resec- 
tion 

3 27 M 1/5/86 7/2/88 Laryngeal 
fracture 

4 49 M 5/23/88 2/6/88 Traumatic 
head in- 
jury 

5 37 F 10/28/89 2/14/90 Bleeding 
aneurysm 

6 26 F 1/29/89 6/28/89 Closed 
head in- 
Jory 

7 52 M 10/1/89 1/10/90 Brain stem 
stroke 

8 21 F 12/5/88 1/4/89 Closed 
head in- 
jury 


Laryngeal Other Treat- Compili- 
Findings Findings ment Outcome cations 
Epiglottis Peristomal Laser Decannu- None 
prolapse granulation epiglot- lated 
with tectomy, 
inspira- laser 
tion bronchos- 

copy 
Posterior None Laser Decannu- None 
and hori- epiglot- lated 
zontal posi- tectomy 
tion of epi- 
glottis 
Epiglottis Redundant Laser Improved None 
prolapse aryepiglot- epiglot- 
with in- tic fold tectomy, 
spiration resection 

of aryte- 

noid mu- 

cosa 
Epiglottis Aspiration Observa- Decannu- None 
prolapse, tion lated 
epiglottis 
flutter 
Epiglottis Tracheal Laser Decannu- Aspira- 
prolapse granulation epiglot- lated tion at 
with in- tectomy 1 wk 
spiration 
Epiglottis Tracheal Epiglot- Decannu- None 
prolapse, granulation tectomy, lated 
posterior web lysis 
laryngeal 
web 
Epiglottis Pharyngeal Total Laryngec- None 
prolapse, myoclonus laryngec- tomy 
severe tomy for 
aspiration aspiration 
Epiglottis Large tra- Observa- Decannu- None 
prolapse, cheostomy tion, tube lated 
mild aspi- tube change 
ration 


larynx (case 4) during respiration, showing the severe 
degree of airway obstruction occurring during inspi- 
ration. Figure 4 (case 4) shows the same patient after 
ventriculoperitoneal shunting followed by improved 
mental status. The improved mental status correlated 
well with improvements in the degree of supraglottic 
airway collapse. 


Figure 5 is a schematic representation of the air- 
flow-related collapse of the epiglottis. In the mild 
cases, only epiglottis fluttering was seen. In patients 
with severe obstruction, the epiglottis actually pro- 
lapsed into the supraglottic larynx and caused total 
airway obstruction during inspiration. 


The Table summarizes the clinical data on the 
patients and their treatment. In four of the six head 
injury patients, other laryngotracheal abnormalities 
were identified. These included a posterior laryngeal 
web, suprastomal stenosis, and incomplete laryngeal 


abduction. However, in each case, the major cause of 
stridor was epiglottis prolapse (see Table). Correc- 
tive surgery by partial epiglottectomy relieved the 
symptoms in three of the six patients. In those not 
treated by surgery, improved mental status resulted in 
better neuromotor control, better pharyngeal dila- 
tion, and less epiglottis prolapse. This improvement 
in pharyngeal and laryngeal function correlated clini- 
cally with a decrease in degree of stridor. The cause 
of acquired upper airway collapse after head injury is 
believed to be loss of pharyngeal motor control. 
Although histologically normal, normal respiratory 
function is nevertheless compromised by epiglottis 
prolapse due to loss of central neuromotor control. 


The other two patients had delayed onset of upper 
airway obstruction after head and neck surgery. One 
had surgical resection of the suprahyoid musculature 
for cancer, and the other had laryngeal fracture, 
thyrotomy, and injury to the hyoepiglottic ligament. 


“af 
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Both patients showed epiglottis prolapse that oc- 
curred several years after head and neck surgery. The 
acquired condition of epiglottis prolapse is probably 
related to initial loss of airway support from surgery, 
followed by flow-related pull on the epiglottis, result- 
ing in further epiglottis prolapse and airway obstruc- 
tion. 


DISCUSSION 


These cases of acquired laryngomalacia may have 
mechanisms of supraglottic airway collapse similar 
to those described in infants.> Mechanisms of laryn- 
geal obstruction in children with laryngomalacia may 
include 1) inspiratory collapse of the arytenoid carti- 
lages, 2) collapse of the tubular epiglottis, and 3) 
epiglottis displacement posteriorly to create a seal 
against the posterior pharyngeal wall. While the most 
common cause of laryngomalacia in children is ante- 
rior collapse of the aryepiglottic folds and the cunei- 
form cartilage, this was not seen in adult cases. The 
cases presented in this paper have posterior folding or 
“prolapse” of the epiglottis as the cause of airway 
obstruction. 


Central nervous system disorders as a comorbidity 
in laryngomalacia has been recognized by previous 
authors. Belmont and Grundfast® noted a high asso- 
ciation of neurologic disorders such as hypotonia and 
central apnea with congenital laryngeal stridor. Ap- 


ley,’ in his follow-up survey of 80 cases of infants. 


with stridor, also noted a high incidence of disorders 
of the CNS, as compared with normal infants. He 
noted the abnormality as primarily one of movement, 
whereby the epiglottis and arytenoids are drawn into 
the larynx on inspiration. Laryngeal findings in our 
study are similar to the description noted in their 
paper. They include pharyngeal hypotonia, inspira- 
tory movement of the epiglottis, and airway obstruc- 
tion. The difference here is the acquired nature of 
laryngeal findings. All the patients presented here 
were previously healthy; they sustained a CNS insult 
or other injuries, developed epiglottis prolapse, and 
in some cases spontaneously resolved this condition 
with improvements in neural function. 


These patients with acquired airway collapse hint 
at the importance of both extralaryngeal neuromotor 
control and intrinsic laryngeal structure to maintain 
airway support and patency. Kelemen, in his study on 
congenital laryngeal stridor, stated, “The suspension 
of the epiglottis is extremely loose. This fact is 
demonstrated (1) histologically by the areolar-adi- 
pose preepiglottic cushion, which continues...until it 
reaches the top of the ventricular appendix...” 8268) 
Events leading to acquired laryngomalacia in our 


patients may follow these hypothetical steps: 1) loss 
of neuromotor control of the pharynx by CNS injury 
or loss of anatomic and muscular support by surgical 
resection of suprahyoid musculature and/or injury to 
the hyoepiglottic ligament; 2) loss of neuromotor 
control that narrows the anterior to posterior pharyn- 
geal dimension, tipping the epiglottis horizontally 
against the posterior pharyngeal wall; 3) with inspi- 
ration, fast flow across a constricted pharyngeal 
orifice and the laryngeal surface of the epiglottis, 
resulting in a high negative pressure gradient (be- 
cause of the Bernoulli phenomenon, this gradient 
results in sucking of the epiglottis into the larynx and 
causes inspiratory fluttering of the epiglottis); and 4) 
prolonged pull on the epiglottis, resulting in further 
weakening of the epiglottis suspensory ligaments and 
worsening airway obstruction. 


Recognition of epiglottis prolapse as a cause of 
airway obstruction may prevent unnecessary long- 
term tracheostomy dependency and repeated sur- 
gery. In case 1, the failure to recognize this entity 
resulted in a second surgical procedure. 


Treatment for this condition is directed toward 
reversal of the flow constriction. In those with spon- 
taneous resolution of head injury, improved pharyn- 
geal control and improved pharyngeal tone results in 
a widened anterior to posterior pharyngeal diameter 
and spontaneous improvement in respiratory diffi- 
culties. In those with no spontaneous improvement, 
the principle of surgical treatment is similar to those 
of treatments proposed for congenital laryngomala- 
cia.?!0 Carbon dioxide laser epiglottectomy or laser 
epiglottoplasty is performed to reverse the flow- 
induced obstruction. By trimming the top half of the 
suprahyoid epiglottis, flow-induced epiglottis pro- 
lapse is alleviated. Partial epiglottectomy has been 
tolerated well with little effect on swallow function. 
Although one patient had worsened aspiration for 1 to 
2 weeks after laser epiglottectomy, no lasting sequelae 
have been observed after epiglottectomy. 


In summary, acquired epiglottis prolapse may bea 
cause of obstructive apnea and failure to be decannu- 
lated after tracheostomy. Eight cases are reported. 
Most patients have central neurologic injury result- 
ing in poor pharyngeal control and support; some 
patients may develop this condition after surgical 
resection of suprahyoid muscles and injury of epiglot- 
tis support. Clinical history and symptoms include 
inspiratory stridor, obstructive sleep apnea, and posi- 
tional dyspnea. Fiberoptic laryngoscopy and video 
documentation is most useful in establishing the 
diagnosis. Awareness of this entity helps in planning 
appropriate surgical and nonsurgical treatment. 
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PHYSIOLOGIC ASSESSMENT OF ARYTENOID ADDUCTION 
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BROOKLYN, NEW YORK 
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Arytenoid adduction as described by Isshiki is a surgical technique used to improve vocal quality by adducting the arytenoid cartilage 
of a paralyzed vocal fold, medializing the fold, and closing the posterior glottic aperture. Surgical results of this operation were evaluated 
by preoperative and postoperative voice recordings, laryngoscopy, and stroboscopy. Objective measurements of vocal jitter, shimmer, and 
signal to noise ratio were done to assess changes in the vibratory patterns, and analysis of data from 12 patients revealed improved glottic 
function postoperatively. Often an anterior medialization procedure, primarily a type I thyroplasty, was used to supplement the posterior 
medialization achieved by adduction of the arytenoid. Arytenoid adduction is recommended as an effective and reliable treatment for pos- 


terior glottic insufficiency. 


KEY WORDS — arytenoid adduction, larynx, vocal fold paralysis, voice. 


INTRODUCTION 


Arytenoid adduction as described by Isshiki et 
al'? is a surgical technique used to improve vocal 
quality and glottic competence. It has been used 
primarily in Japan since the 1970s, but recently has 
been used by various otolaryngologists in the United 
States. This procedure adducts and rotates the ary- 
tenoid cartilage of the paralyzed vocal fold, medial- 
izing the fold and closing the posterior glottic aper- 
ture. It is especially indicated for cases with a wide 
glottic chink. Because there is no direct surgical in- 
tervention through the vocal fold mucosa, postop- 
erative scarring of the fold that would hinder vibra- 
tion is avoided. 


The use of Teflon injection or a type I thyroplas- 
ty”? to medialize the vocal fold is usually unsuccess- 
ful in correcting a large posterior glottic defect. The 
reasons for this are various, but among the most im- 
portant are 1) cricoarytenoid joint ankylosis in up to 
one third of patients with long-standing vocal fold 
paralysis, 2) inability to inject Teflon lateral to the 
arytenoid cartilage except toward the vocal process, 
and 3) inability to access the area lateral to the 
arytenoid in a type I thyroplasty unless the inner 
perichondrium of the thyroid cartilage is violated. 
On the other hand, the arytenoid adduction pro- 
cedure allows for direct surgical correction of a 
posterior glottic deficiency. This procedure also 
pulls the arytenoid cartilage inferiorly, lowering the 
level of the paralyzed fold, and correcting the dif- 
ference of levels of the vocal fold often seen with a 
large posterior glottic chink. The paralyzed fold is 
in a higher position than the nonparalyzed fold be- 
cause of the characteristics of the cricoarytenoid 
joint.**° Posterior glottic deficiencies are often seen 
with a combined paralysis of the ipsilateral superior 
and recurrent laryngeal nerves. These paralyses 
may be synchronous (eg, high vagal lesion) or time- 


delayed, but the underlying result is lateralization 
of the entire vocal fold through lateralization and 
lateral rotation of the arytenoid cartilage. In some 
of these patients an “anterior” medialization pro- 
cedure (Teflon injection or type I thyroplasty) may 
need to be performed in conjunction with an aryte- 
noid adduction to compensate for the atrophy and 
bowing of the anterior membranous vocal fold. 


The physiologic assessment of patients undergo- 
ing arytenoid adduction procedures is presented. 
The physiologic parameters assessed included the 
measurements of vocal jitter and shimmer along 
with the aperiodicity signal to noise ratio (SNR) of 
the acoustic signal. Measures of sequential cycle-to- 
cycle variations of frequency (jitter) and amplitude 
(shimmer) during sustained vowel phonation have 
been implicated as physical correlates of rough or 
hoarse voice.“ The SNR has also been useful in 
describing characteristics of normal and pathologic 
voice.* Of particular interest is the preoperative 
evaluation and determination of whether the proce- 
dure to correct a posterior glottic deficiency should 
include an arytenoid adduction with or without a 
simultaneous anterior medialization procedure. 


MATERIALS AND METHODS 


Patients. From November 1, 1988, to September 
30, 1990, 12 patients underwent arytenoid adduc- 
tion at the Mayo Clinic. Seven of the 12 patients 
were severely dysphonic or aphonic. Six cases were 
associated with a high vagal lesion. Surgery within 
the thorax was the cause of the vocal fold paralysis 
in 3 cases, and endotracheal intubation was associ- 
ated with another case. A viral cause was suspected 


_in the other 2 patients. All patients had lateraliza- 


tion of the vocal fold with a significant posterior 
glottic defect. 


Instrumentation for Physiologic Assessment of 
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TABLE 1. COMPUTATIONAL FORMULAS FOR JITTER 
AND SHIMMER IN VOICE ANALYSIS 


N-1 
> n PEN Average cycle-to-cycle 
% jitter = yo = _ difference in period 
Average period 
> (Pi) IN 
N—-1 
L| Ai-Ai+1 | /N-1 


=1 Average cycle-to-cycle 
% Shimmer = na = difference in amplitude 
> (Pi) IN Average amplitude 
i 
i=] 


Pi — period of i* cycle, Ai — amplitude of i™ cycle, N — number of 
cycles. 


Voice. Eleven patients completed preoperative and 
postoperative evaluation that included a combina- 
tion of high-quality voice recording, video laryn- 
goscopy, and laryngeal stroboscopy.’° One patient 
died of unrelated causes prior to the completion of 
the postoperative voice analysis. 


Voice recordings were obtained with an AKG 
D330T microphone and an Onkyo TA-W88 tape 
machine. An AST 20858 microcomputer with an 
80287 math coprocessor and ASYSTANT software 
(ASYST Technologies) for high-speed data acquisi- 
tion and analysis was used. Video laryngoscopy and 
stroboscopy were performed with a Bruel & Kjaer 
stroboscopic unit. An Olympus ENF P2 or ENF L3 
nasopharyngoscope or a Nagashima 70° rigid tele- 
scope was used to visualize the larynx. 


Speech Task, Data Aquisition, and Data Analy- 
sis. To determine jitter, shimmer, and SNR, sub- 
jects produced a steady-state vowel /a/ for as long as 
possible at a comfortable volume and pitch. During 
vowel prolongation the acoustic signal was re- 
corded. The acoustic signal was then low-pass-fil- 
tered at 500 Hz and sampled at 20 kHz before being 
stored on the hard disk. 


The computer software program was used to 
determine the vocal jitter, vocal shimmer, and 
SNR. Also determined was the fundamental fre- 
quency. One second of the waveform from the mid- 
dle portion of each vowel prolongation was used to 
calculate these parameters. The computational for- 
mulas used for jitter and shimmer are shown in 
Table 1. Jitter was calculated as the ratio of the sum 
of the absolute cycle-to-cycle variability in the 
period to the mean period and was expressed as a 
percentage. Shimmer was determined as the ratio of 
the absolute cycle-to-cycle variability in amplitude 
to the mean amplitude multiplied by 100 and was 
expressed as a percentage. The SNR is the ratio of 
total energy in the speech signal to energy in the 
aperiodic component of the signal and was expressed 
in decibels. 


Laryngoscopy was performed preoperatively and 


TABLE 2. VIDEO LARYNGOSCOPY 
Respiration 

Regular 

Rapid, forceful 
Valsalva maneuver followed by slow release 
Vowel prolongation “Aaaaaa” and “Eeeeee” 
Continuous scale 
Repeat “he” rapidly 
Repeat “key” rapidly 
Repeat “Cree” rapidly 
Coup de glot (grunt) 
Have patient read the following: 


“You wish to know all about my grandfather. Well, he is nearly 
93 years old, yet he still thinks as swiftly as ever. He dresses 
himself in an old black frock coat, usually several buttons miss- 
ing. A long beard clings to his chin, giving those who observe 
him a pronounced feeling of the utmost respect.” 


postoperatively by our standard laryngeal assess- 
ment recording techniques (Table 2). Laryngeal 
stroboscopy, preferably with the 70° rigid telescope 
to avoid any distortional effects due to displacement 
of the flexible nasopharyngoscope off midline, was 
also performed to assess the vibratory character- 
istics of the vocal folds. 


Surgical Technique. A technique similar to that 
described by Isshiki et al? was used. These pro- 
cedures were performed under local anesthesia so 
that the patients could phonate on request during 
the surgical procedure. 


A horizontal incision was made in the anterior 
neck at the level of the vocal fold and was extended 
slightly further laterally on the side of the vocal fold 
paralysis. Subplatysmal skin flaps were raised supe- 
riorly and inferiorly. The strap muscles were then 
split in the midline and the thyroid cartilage was ex- 
posed, The posterior edge of the thyroid ala was ex- 
posed on the paralyzed side and the thyropharyn- 
geal muscle was incised. With a small hook, the pos- 
terior edge of the thyroid cartilage was retracted 
and rotated anteriorly. The perichondrium at the 
posterior edge of the thyroid ala was incised and 
elevated subperichondrally along the posterior mar- 
gin and inner surface of the thyroid cartilage. The 
cricothyroid joint was then dislocated and the thy- 
roid cartilage further rotated anteriorly with expo- 
sure of the region of the pyriform sinus. In most 
cases, a 1,0-cm vertical strip of cartilage from this 
area was removed for better exposure. This strip in- 
cluded the inferior cornu and posterior edge of the 
thyroid ala to approximately 8 mm above the pos- 
terior projection of the vocal fold level. The superi- 
or cornu with muscular attachments remained in- 
tact. The mucosa of the pyriform sinus recess was 
then elevated upward and posteriorly to carefully 
expose and identify the posterior cricoarytenoid 
muscle. We identified the muscular process by trac- 
ing the fibers of the posterior cricoarytenoid muscle 
superiorly and anteriorly to their junction with the 
thyroarytenoid muscle. The muscular process of the 
arytenoid was also noted to be at the level of the vo- 
cal fold, approximately 1 cm above the cricothyroid 
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joint in an oblique direction, and could also be 
identified by following the posterolateral cricoid 
cartilage superiorly to the cricoarytenoid joint. 
Once the muscular process of the arytenoid was 
identified, the cricoarytenoid joint was opened lat- 
erally only. Two 4-0 nylon sutures on Keith needles 
were passed through the anterior aspect of the thy- 
roid cartilage to the region of the muscular process. 
Two holes were drilled through the anterior carti- 
lage to facilitate suture placement, the holes being 
approximately 5 mm and 10 mm from the midline 
and 3 mm inferior to the lower border of a possible 
type I thyroplasty window. These two sutures were 
passed through the thyroid cartilage along its cau- 
dal and inferior aspect so as not to interfere with the 
potential placement of a type I thyroplasty win- 
dow. In fact, in recent cases we found it easier to 
completely outline the type I thyroplasty window, 
elevate the inner perichondrium, and depress the 
cartilage rectangle before placing sutures for the 
arytenoid adduction if both procedures were done 
concurrently. Suture placement in this manner will 
approximate the contraction vectors of the thyro- 
arytenoid muscle (medial suture) and the lateral 
cricoarytenoid muscle. 


After the sutures were passed posteriorly, the 
Keith needle was removed and the adduction su- 
tures were individually placed through the muscu- 
lar process of the arytenoid with a Lane threading 
needle. With acoustic auditory feedback as well as 
direct visual examination with an Olympus ENF P2 
nasopharyngoscope and video monitor, the appro- 
priate tension was applied to the nylon sutures to 
cause the desired rotation and adduction of the ary- 
tenoid cartilage. Once in the desired position, the 
two 4-0 nylon sutures were secured to each other 
along the anterior surface of the thyroid cartilage. 
The strap muscles were reapproximated and the 
skin wound was closed. The patients were given an- 
tibiotics for 1 week. 


CASE REPORTS AND RESULTS 


Each case of vocal cord paralysis involved a dif- 
ferent combination of cause of the paralysis, final 
position of the paralyzed vocal fold, atrophy of the 
paralyzed vocal fold, bowing of the contralateral 
fold, compensation of the contralateral fold, and 
patient motivation and desires. Therefore, each 
case will be described individually. The results were 
evaluated through voice recording, video laryngos- 
copy, and stroboscopy. 


Case 1. A 37-year-old man had aphonia due to 
left vocal fold paralysis resulting from removal of a 
left vagal neurilemmoma 3 months earlier. Via di- 
rect laryngoscopy, the left vocal fold was injected 
laterally with five clicks of Teflon, which brought 
the membranous vocal fold into good opposition in 
the midline. Postoperatively, the posterior glottis 
remained open and was responsible for persistent 


dysphonia. Three months later a left arytenoid ad- 
duction was performed. Afterward the voice was 
improved, and on physical examination the aryte- 
noid was well medialized. With the combination of 
Teflon injection and arytenoid adduction, the 
aphonia was corrected, and objective assessment 
demonstrated normal values for jitter and shim- 
mer*®® (Table 3). 


Case 2. A 31-year-old woman had dysphonia sec- 
ondary to left vocal fold paralysis after resection of 
a posterior mediastinal bronchogenic cyst and re- 
pair of the membranous portion of the trachea 5 
months earlier. The left fold was widely abducted 
and higher than the right fold. There was no sig- 
nificant bowing or atrophy noted of the paralyzed 
vocal fold. Electromyography revealed no fibrilla- 
tion potential. A left arytenoid adduction was per- 
formed. Postoperatively on examination there was 
better height similarity between the two vocal 
folds, with good closure of the glottis and no bow- 
ing of the vocal folds. Her voice was markedly im- 
proved, both subjectively and objectively, yet 
slightly raspy (Table 3). 


Case 3. A 38-year-old man had aphonia related 
to right vocal fold paralysis after removal of a vagal 
neurilemmoma 9 months earlier. On examination, 
the right vocal fold was lateralized with a large in- 
terarytenoid gap. An arytenoid adduction was per- 
formed. The voice was noted to be improved but 
not perfect. Jitter was elevated and the SNR was 
low (Table 3). On examination the posterior glottis 
was now totally closed, yet there was marked bow- 
ing and atrophy of the membranous right vocal 
fold. Also noted was some slight overrotation of the 
arytenoid. To compensate for the bowing of the 
right vocal fold and weakness of the voice, the pa- 
tient used a high-pitched voice with low amplitude. 
He was strongly motivated to improve his voice fur- 
ther, and 7 months after the arytenoid adduction a 
right Teflon injection via direct laryngoscopy was 
performed for slight bowing of the left vocal fold 
and marked bowing of the right vocal fold. The pa- 
tient went into laryngospasm postoperatively and 
was emergently intubated. Findings on glottic ex- 
amination were similar to preoperative ones, with 
apparent displacement of the Teflon during the re- 
intubation. A right type I thyroplasty was then un- 
dertaken. During the operation, direct visualization 
of the larynx and voice assessment led to the conclu- 
sion that no further procedures were necessary. On 
postoperative follow-up evaluation there was noted 
to be good closure of the glottis, with only slight 
bowing of the left vocal fold. Objective evaluation 
of the voice revealed improvement of the severe dys- 
phonia with the arytenoid adduction, and further 
benefit from the type I thyroplasty (Table 3). 


Case 4. A 63-year-old woman had dysphonia sec- 
ondary to left vocal fold paralysis. The cause of the 
vocal fold paralysis was never definitively iden- 
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TABLE 3. PREOPERATIVE AND POSTOPERATIVE OBJECTIVE VOICE ANALYSIS DATA 


Case Status 
I Preoperative 
After Teflon injection and arytenoid adduction 
2 Preoperative 
After arytenoid adduction 
3 Preoperative 
After arytenoid adduction 
After type I thyroplasty 
4 Preoperative 
After arytenoid adduction 
5 Preoperative 
After arytenoid adduction 
6 Preoperative 
After arytenoid adduction 
7 Preoperative 
After arytenoid adduction and type I thyroplasty 
8 Preoperative 
After arytenoid adduction and type I thyroplasty 
9 Preoperative 
After arytenoid adduction and type I thyroplasty 
10 Preoperative 
After arytenoid adduction and type I thyroplasty 
11 Preoperative 
After arytenoid adduction and type I thyroplasty 
12 Preoperative 


After arytenoid adduction and type I thyroplasty 


Fo (Hz) Jitter (%) Shimmer (%) SNR (dB) 
Aphon Aphon Aphon Aphon 
128.9 0.40 0.25 37.48 
216.4 9.63 1.40 10,32 
218.3 1.50 0.77 22.25 
Aphon Aphon Aphon Aphon 
161.7 4.72 0.41 20.51 
127.2 0.45 0.35 28.41 
235.5 3.77 0.88 17.65 
NC NC NC NC 
Aphon Aphon Aphon Aphon 
135.3 6.34 1.78 15.50 
163.1 4,94 5.72 11.93 
144.7 1.35 1.22 18.20 
Aphon Aphon Aphon Aphon 
102.7 0.93 2.43 23.43 
148.9 6.71 1.66 18.65 
156.4 0.75 0.56 31.20 
142.0 1.55 1.84 20.66 
127.0 0.60 0.66 29.01 

84.4 1.85 5.47 9,87 
84.3 0.30 1,29 20.97 
214.8 0.90 2.32 14.03 
200.0 0.50 1.93 24.54 
Aphon Aphon Aphon Aphon 
100.0 0.26 0.93 38.05 


F0 — fundamental frequency, SNR -~- signal to noise ratio, Aphon -- aphonic, NC — postoperative voice analysis not completed because of death of 


patient. 


tified, yet it was felt to be secondary to viral infec- 
tion. Examination revealed a large, incompetent 
posterior glottis. Six months after the diagnosis of 
the left vocal fold paralysis, the glottis was still 
noted to be widely patent posteriorly, and an aryte- 
noid adduction was performed. Prior to the comple- 
tion of postoperative voice analysis, the patient died 
of unrelated causes. 


Case 5. A 71-year-old man had aphonia second- 
ary to left vocal fold paralysis since repair of a rup- 
tured thoracic aortic aneurysm 4 months before. 
There was a wide open posterior glottis. An aryte- 
noid adduction was recommended along with the 
possibility of a type I thyroplasty, to be based on re- 
evaluation during the surgical procedure. After 
only right arytenoid adduction, direct visualization 
of the glottis revealed good closure, and the voice 
had markedly improved, so a thyroplasty was not 
performed. Six months postoperatively the voice 
was slightly raspy, yet the patient was no longer 
aphonic. Objective assessment correlated with the 
subjective assessment of a raspy voice, with an ele- 
vated jitter and shimmer and a low SNR (Table 3). 


Case 6. A 58-year-old man had dysphonia second- 
ary to right vocal fold paralysis after resection of a 
glomus jugulare tumor 4 months earlier. The right 
vocal fold was positioned laterally, with a wide pos- 
terior gap and no significant atrophy of the mem- 
branous vocal fold. An arytenoid adduction alone 
was performed. Postoperatively, the voice was im- 


proved although not perfect, and objective assess- 
ment corresponded with the subjective observations 
(Table 3). 


Case 7. A 62-year-old man had aphonia second- 
ary to right vocal fold paralysis after resection of 
embryonal rhabdomyosarcoma in the right tempo- 
ral, postauricular, retromandibular, infratempo- 
ral, and supraclavicular regions. There was also pa- 
ralysis of the right pharyngeal muscles. Examina- 
tion showed a large glottic chink. An arytenoid ad- 
duction and type I thyroplasty were performed 
along with a cricopharyngeal myotomy. Postopera- 
tive examination revealed normal jitter, shimmer, 
and SNR (Table 3). 


Case 8. A 48-year-old woman had severe dyspho- 
nia secondary to left vocal cord paralysis since re- 
section of vagal paraganglioma 12 months before. 
The left vocal cord was positioned laterally, with a 
wide glottic gap both anteriorly and posteriorly. An 
arytenoid adduction was performed and at the time 
of operation the vocal folds were still approximately 
1.4 mm apart anteriorly after completion of the ad- 
duction procedure and closure of the posterior glot- 
tis. Therefore, in conjunction with the adduction 
procedure, a type I thyroplasty was performed on 
the left to close the anterior glottic defect. Postop- 
eratively the voice was noted to be improved, with 
good closure of the entire glottis. Objective assess- 
ment revealed jitter and shimmer within the normal 
range and an increase in the SNR (Table 3). 
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(Case 12) Laryngoscopic views after arytenoid adduction and type I thyroplasty. A) During quiet respiration, showing medializa- 
tion and correction of bowing of left vocal fold. B) During phonation, showing complete glottic closure. 


Case 9. A 74-year-old man had dysphonia sec- 
ondary to right vocal fold paralysis related to re- 
moval of a meningioma in the right jugular bulb, 
posterior cranial fossa, and upper jugular vein. The 
patient also had right palatal weakness and pharyn- 
geal weakness along with dysphagia and aspiration. 
Laryngeal examination after removal of the tumor 
showed vocal fold paralysis with an open posterior 
glottis and an elevated paralyzed fold related to the 
high vagal paralysis. Marked atrophy of the right 
vocal fold was also noted. An arytenoid adduction 
was therefore planned to close the posterior glottis, 
along with a type I thyroplasty to compensate for 
the vocal fold atrophy. Postoperatively there was 
improved closure of the entire glottis, and objective 
assessment correlated with the subjective improve- 
ment of voice (Table 3). 


Case 10. A 57-year-old man had dysphonia sec- 
ondary to left vocal fold paralysis felt to be prob- 
ably viral in origin. The patient also had a history of 
adenocarcinoma of the esophagus. There was a 
wide glottis, with the paralyzed left vocal fold posi- 
tioned laterally and slightly higher than the right 
vocal fold. There was also significant bowing of the 
left vocal fold and slight bowing of the right vocal 
fold. A left arytenoid adduction along with a left 
type I thyroplasty was performed. Intraoperatively, 
it was felt that there was good closure of the glottis 
and that further procedures for the slight bowing of 
the right vocal fold were not indicated. After res- 
olution of the edema, follow-up examination 4 
months postoperatively revealed slight overrotation 
of the left arytenoid cartilage, with the vocal pro- 
cess protruding into the airway, and related bowing 
along the left membranous vocal fold producing a 
slight glottic gap. Objective as well as subjective as- 
sessment of the voice revealed improvement, al- 
though the voice was not perfect (Table 3). 


Case 11. A 34-year-old woman had dysphonia 
secondary to a left vocal fold paralysis, felt to prob- 
ably be viral. She had progressive weakness, hoarse- 
ness, and lowering of vocal pitch beginning over | 
year prior to evaluation and becoming constant in 
nature in the last 10 months. Magnetic resonance 
imaging scans were negative for disease. Electro- 
myography showed left thyroarytenoid muscle pa- 
ralysis. The left arytenoid was localized far laterally 
with a glottic chink. Slight atrophy and bowing of 
the left vocal fold was noted as well. A left aryte- 
noid adduction was performed, and intraoperative- 
ly the voice was improved but still slightly breathy, 
so a type I thyroplasty was included. Evaluation 4 
months postoperatively, after resolution of edema, 
revealed good glottic closure (Table 3). 


Case 12. A 61-year-old man had aphonia due to a 
left vocal cord paralysis believed to be related to en- 
dotracheal intubation. Examination revealed marked 
atrophy and bowing of the left vocal fold as well as 
slight bowing of the right vocal fold. On phonation 
the posterior glottis remained open, with an inter- 
arytenoid distance of 3 mm. The left vocal fold also 
appeared slightly higher in position than the right 
vocal fold. An arytenoid adduction was performed 
in conjunction with a type I thyroplasty. At the 
time of operation there was good closure of the glot- 
tis. Postoperatively, all vocal measurements were 
normal (Table 3), and on examination there was 
complete glottic closure on phonation (see Figure). 


DISCUSSION 


Vocal fold Teflon injection and type I thyroplasty 
are usually successful in treating unilateral vocal 
fold paralysis with a closed or narrow posterior 
glottic chink.?:*'':'? However, in the presence of a 
lateralized paralyzed vocal fold and a large poste- 
rior glottic defect, neither a Teflon injection nor 
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type I thyroplasty alone is able to achieve a relative- 
ly normal voice postoperatively. Teflon injection 
cannot be used successfully to medialize the aryte- 
noid cartilage, and because the cricoid cartilage 
overlaps the thyroid cartilage posteriorly, inward 
displacement of a type I thyroplasty thyroid car- 
tilage window posteriorly cannot be performed to 
effectively close this glottic area without violating 
the inner thyroid perichondrium. The first case 
described illustrates the inability of an anterior 
medialization procedure alone to correct for a vocal 
fold paralysis with a wide glottic defect that in- 
cludes the interarytenoid space. Arytenoid adduc- 
tion is a procedure that specifically is indicated for 
the correction of a wide posterior glottic chink. 
Arytenoid adduction also has the capability of cor- 
recting a difference in the levels of the true vocal 
folds by lowering the paralyzed vocal fold. 


Although the arytenoid adduction procedure can 
close the posterior glottis and lower the paralyzed 
vocal fold to correct a height difference, this proce- 
dure alone is often unsuccessful in fully rehabilitat- 
ing the voice, specifically because it does not direct- 
ly affect the anterior vocal fold. In conjunction 
with an arytenoid adduction, a Teflon injection or 
type I thyroplasty is often indicated to medialize the 
membranous paralyzed vocal fold further. This is 
particularly of value in cases of marked atrophy and 
bowing of the membranous portion. In the case of 
the patient suffering from presbylaryngis and senile 
bowing of the vocal folds, a type I thyroplasty of the 
contralateral vocal fold may also be indicated to 
correct the bowing of the nonparalyzed side. 


Case 3 demonstrates the inability of an arytenoid 
adduction alone to correct a lateralized paralyzed 
vocal fold with marked atrophy and bowing. Fur- 
thermore, in cases 5 and 6, a type J thyroplasty in 
conjunction with the arytenoid adduction would 
probably have been beneficial. In both cases 5 and 6 
the vocal fold paralysis was only 4 months old, and 
further atrophy of the vocalis muscle likely oc- 
curred postoperatively. Currently our technique is 
to initially perform an arytenoid adduction in those 
patients with vocal fold paralysis and a lateralized 
fold. We assess the immediate results intraopera- 
tively, with the option to proceed with a type I thy- 
roplasty as indicated. The use of local anesthesia 
with intravenous sedation allows for intraoperative 
assessment of the voice and direct visualization of 
the larynx during phonation. 


Although there were no major complications in 
our cases and the quality of the voice was always 
improved, a perfect voice was not always obtained. 
The arytenoid adduction procedure is technically a 
more difficult procedure to perform. In two of the 
cases (cases 3 and 8) there was slight overrotation of 
the arytenoid cartilage, the most common compli- 
cation of this procedure. This caused the vocal pro- 
cess to protrude into the glottis with associated 


bowing of the membranous vocal cord. Overrota- 
tion and too much medial shift of the vocal fold 
across the midline can be caused by excessive trac- 
tion on the sutures attached to the muscular process 
of the arytenoid. Placement of a suture through the 
muscular process of the arytenoid in an extreme lat- 
eral position can also lead to overrotation. If the 
arytenoid is rotated too much, a rough and 
“pressed” voice often results, and a type I and type 
IV thyroplasty may help correct this condition.” 
Another complication associated with arytenoid ad- 
duction was shortening of the vocal fold (case 3). 
This was probably related to excessive opening of 
the cricoarytenoid joint posteriorly and subsequent 
forward displacement of the arytenoid cartilage 
with traction on the suture through the muscular 
process. 


One of the greatest difficulties with laryngeal 
framework surgery continues to be the difficulty 
with intraoperative assessment and the ability to 
predict the long-term postoperative results. The 
swelling and edema of the larynx that occurs during 
the surgical manipulation needs to be taken into 
consideration when establishing the new position of 
the vocal folds. One must therefore overcorrect 
intraoperatively and achieve a slightly tight or 
pressed voice, taking into account the edema that 
will resolve postoperatively. Other factors affecting 
the long-term postoperative result are related to the 
healing process. In the case of immediate treatment 
of a vocal fold paralysis, further atrophy will affect 
the long-term postoperative result. The longevity of 
the vocal fold tension created by the adduction of 
the arytenoid is also uncertain. Finally, modifica- 
tion of an artyenoid adduction without direct sur- 
gical intervention of the vocal fold may be difficult 
because of the ankylosis that occurs at the opened 
cricoarytenoid joint. 


SUMMARY 


The arytenoid adduction procedure is a surgical 
technique that provides the otolaryngologist with 
an effective means for correcting large posterior 
glottic defects. The arytenoid adduction procedure 
is a technically challenging procedure related to the 
identification of the muscular process of the ary- 
tenoid and appropriate positioning with rotation of 
the arytenoid cartilage. The use of an anterior 
medialization procedure such as a type I thyroplas- 
ty is a valuable adjunctive procedure in those cases 
of concurrent marked anterior vocal fold bowing. 
Every case of vocal fold paralysis is unique, and one 
must remember that patients with vocal fold paral- 
ysis can have different glottic configurations and 
vocal results. Likewise, there is not one universal 
treatment for vocal fold paralysis and each patient 
must be evaluated carefully to determine the appro- 
priate procedure or combination of procedures. In 
the case of the open posterior glottis, the arytenoid 


ri 
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adduction procedure has proven to be an effective 


and reliable treatment for this troublesome defect. 
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SAN JOSE, COSTA RICA 


The primary purpose of this study was to determine the types of collagen in the developing human larynx that contribute to the 
structural framework and function of various components of this organ. The infant larynx is much more than a mere miniature of the adult 
“voice box.” There are many age-related differences that occur in the larynx from the newbom period to the adult period of life. While 
collagen has been studied in numerous tissues, both normal and diseased, there have been no studies of the whole organ content, types, 
and/or changes of collagen in the developing human larynx that may account for many of the clinical findings. This study may at least 
in part explain whether collagen differences may account for the structural changes and responses that are seen in clinical practice. 


KEY WORDS — cartilage, collagen, connective tissue, development, larynx. 


INTRODUCTION 


The cellular histology of the adult human larynx 
has been well documented. Greater interest has been 
shown in the epithelial structures than in the other 
laryngeal connective tissues. Little has been reported 
regarding the biochemistry of the supporting laryn- 
geal cartilaginous and soft tissue framework. Fur- 
ther, little has been written about the biochemical 
changes in these tissues during the growth and devel- 
opment of the larynx. 


There is a paucity of knowledge about the true 
cause of changes in the response of the infant larynx 
to trauma and disease as compared to the changes 
found in the maturing larynx. Still remaining to be 
explained is why these responses subside and why an 
anomaly such as laryngomalacia reverts to normal 
with growth and development. 


The purpose of this preliminary study is to evaluate 
the collagen content of selected cartilages of the 
normal developing human laryngeal framework as to 
type and quantity. An understanding of the normal 
biochemical makeup of laryngeal connective tissue 
may be essential in order to prevent and treat the 
devastating effects of trauma and other diseases on 
the larynx. 


Collagen is extremely important in the growth, 


development, repair, regeneration, and structural in- 
tegrity of the laryngeal framework. Collagen is very 
distinctive in that it forms insoluble fibers with a very 
high tensile strength. It is the most common and 
abundant mammalian protein and accounts for 30% 
of all proteins in the body.! 


The term collagen is derived from Greek words 
meaning “to produce glue,” and collagen is present in 
all organs of the body. It serves as a scaffolding that 
holds cells together. Connective tissues form the 
architectural framework of the vertebrate body. As a 
major fibrous element of skin, bone, cartilage, blood 
vessels, and teeth, collagen has been extensively 
studied. However, whole organ studies have not been 
common and there are no studies reported of this 
connective tissue element in the larynx, which de- 
pends upon this protein substance for the integrity of 
its cartilaginous framework. The high tensile strength 
of most organs (eg, skin) is due to the presence of 
collagen, a fibrous protein. 


Histologically, cartilages of the larynx have been 
determined to be hyaline, except for the epiglottis, 
which is elastic fibrocartilage. 


In the last two decades it has become apparent that 
not all collagen molecules are alike. Type II collagen, 
which is the sole component of hyaline cartilage, was 
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the first tissue-specific collagen to be described. In 
contrast to the more ubiquitous type I collagen, 
present in bone, skin, and most organs, it contains 
three identical polypeptide chains that are highly 
glycosylated. Since then, around 14 different types of 
collagens have been described in human tissues. 
Fibrocartilage, in contrast with hyaline cartilage, 
contains type I collagen. 


BIOCHEMISTRY OF COLLAGEN 


One of the functions of protein is its structural 
role.|:2 Since disease is associated with excessive 
accumulation of collagen leading to various forms of 
fibrosis, an understanding of the normal collagen 
content and typing is essential. 


Each collagen seems to have a specific purpose, 
although this has not yet been completely elucidated. 
The extracellular matrix was thought to serve mainly 
as a relatively inert scaffolding that stabilizes the 
physical structure of tissues. It is now clear that the 
matrix plays a more active and complex role in 
regulating the behavior of the cells that contact it.34 
The extracellular matrix is composed primarily of 
fibrous proteins embedded in a hydrated polysaccha- 
ride gel. In most connective tissues these macromol- 
ecules are secreted largely by fibroblasts. There are 
two more classes of extracellular macromolecules 
that make up the matrix: 1) polysaccharide glycos- 
aminoglycans and 2) fibrous proteins. Of the pro- 
teins, collagen and elastin are mainly structural, and 
fibronectic and laminin are mainly adhesive.2“ This 
study deals only with collagen, the major protein of 
the extracellular matrix. 


Collagen is a family of highly characteristic fi- 
brous proteins found in all multicellular animals. 134 
The collagen molecules are stiff, triple-stranded he- 
lical structures. Three collagen polypeptide chains 
called a chains (each about 1,000 amino acids long) 
are wound around one another in a regular superhelix 
to generate a ropelike collagen molecule about 300 
nm long and 1.5 nm in diameter. The collagens are 
rich in proline, hydroxyproline, and glycine, which 
are very important in the formation ofa triple-stranded 
helix. Glycine is the smallest amino acid, regularly 
spaced at every third residue. Proline and hydroxypro- 
line, because of their ring structures, stabilize a left- 
handed helical conformation in each a chain, with 
three amino acid residues per turn. Throughout the 
central region of the a chain, proline allows the three 
helical o chains to pack tightly together to form the 
final collagen superhelix. 


As mentioned, many distinct collagen a chains 
have been. identified, each encoded by a separate 
gene. Different combinations of these genes are ex- 


pressed in different tissues. To date, about 14 types of 
collagen have been recognized, each a distinct pro- 
tein product from one or more genes.**+ The best- 
defined of the collagen types and the most relevant to 
these studies are types I, II, II, and IV. 


Types I, H, and III are the fibrillar collagens and are 
the main types found in connective tissue. Type I 
collagen is the most common by far and is found in 
skin, tendon, bone, ligaments, cornea, and internal 
organs. It comprises about 90% of body collagen. 
Type II collagen is found in hyaline cartilage, the 
intervertebral disc, the notochord, and the vitreous 
body of the eye. Type III collagen is found in skin, 
blood vessels, and internal organs. Type IV collagen 
(a nonfibrillar type) is found in the basal lamina. It is 
important that the organization of collagen fibrils in 
the extracellular matrix is adapted to the needs of the 
tissue.” 


TYPES OF COLLAGEN 


Type I collagen is the most prevalent type in the 
vertebrate organism. The major molecular species of 
type I collagen is a heterotrimer consisting of two 
identical a1 chains and a simple a2 chain. Electron 
immunohistochemical localization of type I collagen 
in a variety of tissues typically shows cross-banded 
fibers with an average diameter of 40 to 60 nm and 
characteristic cross banding at 67-nm intervals. Type 
I collagen is often found associated with other types 
of collagen (types II], V, and VI), as well as other 
noncollagenous proteins in several major non- 
cartilaginous connective tissues.’ 


Type II collagen is the cartilaginous counterpart to 
type I collagen and is the predominant collagen found 
in hyaline cartilage. The type II collagen molecule is 
a homotrimer consisting of three a chains. The type 
II collagen molecule interacts with other cartilage 
proteins (proteoglycans, structural glycoproteins, and 
type IX, X, and XI collagens) to form the cartilage 
matrix. Type II collagen also forms fibrous elements 
in other tissues such as the notocord, the nucleus 
pulposus, and the vitreous humor of the eye.° 


Type HI collagen is found in association with 
larger type I fibers in the more distensible connective 
tissues such as the dermis and arteries. 


Type IV collagen is localized to all basement 
membranes and is known as the basement membrane 
collagen. Aggregates of this type of collagen form a 
loose network, rather than fibers, because of the 
presence of nonhelical domains. 


MATERIALS AND METHODS 
Tritium-labeled sodium borohydride GH-NaBH4; 
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9.5 Ci/mmol) was purchased from Amersham (Arling- 
ton Heights, Ill), and sequenal grade dimethylforma- 
mide was purchased from Pierce Chemical Co (Rock- 
ford, Ill). 


Selection and Identification of Tissue Samples. 
Whole organ autopsy specimens of the larynx were 
collected, including, whenever available, portions of 
the body of the hyoid and the attached upper three 
tracheal rings. The specimen was wrapped to prevent 
potential drying and immediately frozen and stored at 
-70°C. The age of the patient at the time of death, 
regardless of cause, was documented. After defrost- 
ing, the specimens were immediately and carefully 
dissected to remove all external musculature so as to 
anatomically outline the cartilaginous framework of 
the larynx, and in some instances the hyoid and upper 
tracheal cartilages. Each structure was then sampled 
for biopsy: a sliver of cartilage was removed and 
immediately placed into a vial containing chloro- 
form-methanol (50/50, vol/vol), and the specimens 
were refrigerated at temperatures of 2°C to 6°C 
pending transfer to the biochemical laboratory. In 
each specimen the sliver of cartilage was obtained as 
follows. 


1. From the epiglottis at its superior tip by a trans- 
verse cut. 

2. From the thyroid lamina at its most lateral mar- 
gin. 

3. From thecricoid by a sliver taken from the lamina. 

4. From the arytenoid by removing a portion of its 
muscular process. 


The remaining structures —- the trachea, true vocal 
cord, false vocal cord, and center of the body of the 
hyoid — were all stored for further studies. 


Preparation of Tissues. The tissues (10 to 20 mg 
wet weight) were extracted with chloroform-metha- 
nol (50/50, vol/vol) to remove fat. The tissues were 
then washed with methanol to remove the chloro- 
form, and saline was used to remove the methanol. 
The tissues were then extracted with 4 mol/L guani- 
dine to remove proteoglycans. The extracted tissues, 
consisting mainly of collagen, were then washed with 
saline to remove the guanidine before cyanogen 
bromide (CNBr) digestion. 


CNBr Digestion. The procedure used was that of 
Miller. Samples (10 mg wet weight) were digested 
in 0.8 mL of nitrogen-purged formic acid containing 
40 mg CNBr for 4 hours at 30°C. The mixtures were 
diluted tenfold with water by volume and lyophilized 
twice at the end of the digestion to remove excess 
CNBr. 


JH-NaBH4/Dimethylformamide Labeling of CNBr 
Peptides. The method used to label proteins with °H 


by methylation of amino acid groups was modified 
by a procedure previously described by Cheung et 
al.’ The CNBr derived from defatted tissues or puri- 
fied collagen preparation (25 mg dry weight) was 
lyophilized to dryness and suspended in 0.2 to 0.5 mL 
of sequenal-grade dimethylformamide. A 0.02-mL 
aliquot of 7H-NaBH4 (100 mCi/mL, in dimethy]for- 
mamide) was added to each sample, which was 
vigorously mixed and then allowed to stand for 2 
hours. The labeling reaction was terminated by add- 
ing 0.5 mL of 0.5 mol/L acetic acid. The free label 
was removed by desalting on a Bio-gel P-2 column 
with 0.1 mol/L acetic acid (column volume, 30 mL; 
fraction volume, 0.5 mL). The void volume peak 
containing radioactive peptides was collected and 
lyophilized. 


Mercaptoethanol Reduction of CNBr Peptides and 
Second CNBr Digestion. Radioactively labeled CNBr 
peptides were subjected to overnight reduction at 
55°C in the presence of 25% mercaptoethanol in 0.1 
mol/L ammonium carbonate. Samples were then 
diluted with a fourfold volume of water (final mer- 
captoethanol concentration, 5%). The mercaptoetha- 
nol was then removed by desalting the diluted samples 
on a P-2 column as described above. 


2-D Isoelectric Focusing and NaDodSO4 Electro- 
phoresis Mapping of ?H-NaBH4 CNBr Peptides. The 
technique was described by Benya.’ The CNBr pep- 
tide samples that were dissolved in urea and amphiline 
containing sample buffer were subjected to isoelec- 
tric focusing in polyacrylamide focusing tube gels. 
The first dimensional gel was then removed from the 
tube and cast on top of the second dimensional slab 
gel and electrophoresed in the presence of sodium 
dodecosulfate. The resulting maps were either stained 
with a copper sulfate containing Coomassie blue and 
then destained with 35% methanol, or processed for 
fluorography’ 


Quantitative Analysis of Fluorographs From Two- 
Dimensional Maps. Some x-ray films were preex- 
posed to yield a background of 0.15 optical density at 
600 nm after being developed. These films were then 
exposed to processed two-dimensional (2-D) maps 
for various lengths of time at 70°C. The films were 
developed in a Kodak X-omatic developer and then 
scanned on a Bioimage Visage-60 2-D densitometer- 
integrator. 


RESULTS 


We analyzed the distributions of type I, Il, and MI 
collagens: by 2-D CNBr peptide mapping in the 
thyroid lamina, cricoid cartilage, arytenoid, and epi- 
glottis of the developing larynges obtained at autopsy 
from subjects 1 day, 9 days, 1 month, 7 months, 18 
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Distributions of collagen types and collagen cross-linking at ages studied. A) Epiglottis. B) Cricoid cartilage. C) Thyroid lamina. 


D) Arytenoid. 


months, and 70 months old. The degree of collagen 
cross-linking was also analyzed by measuring the 
amount of non-cross-linked type I C-terminal CNBr 
peptide «1-CB6 in each sample. 


Epiglottis. The changes of the distributions of type 
I, II, and II collagens during early development in 
this tissue are shown in the Figure, A. Type I, a major 
collagen type in most connective tissues except 
cartilages, was found to be the major type of collagen 
in the epiglottis at birth, and this percentage was 
maintained at levels of 70% and 80% throughout the 
first 70 months of life. Type II collagen, the major 
collagen type found in articular and hyaline cartilage, 
was absent in the epiglottis at birth. This collagen 
(type IL) first appeared at 1 month of age and gradu- 
ally increased to about 12% at 70 months of age. At 
birth, type [II collagen (a type present in higher 
amounts in fetal as well as vascular tissues) was 
present in levels of 15%, but increased to about 30%, 
following which it gradually diminished to about 
10% at 70 months of age. At birth, approximately 
45% of type I al chains were cross-linked at the C- 
terminal end, since only 55% of the free peptide was 
observed in the 2-D maps. Cross-linking increased 
rapidly after birth, and about 80% of the a1 chains 
were cross-linked after 1 month of age. 


Cricoid Cartilage. Distributions of type I, II, and 
I collagens in the cricoid cartilage from specimens 
at the various ages studied are shown in the Figure, B. 
Type I collagen was also found to be the major 
collagen type (between 60% ad 65%) from 1 day to 
70 months, but at a lower level than that found in the 
epiglottis. At birth, type II collagen was absent and 
there was about 34% of type III collagen. Type II 
collagen appeared soon after birth (7.5% at 9 days of 
age) and increased rapidly during the first month, 
after which itreached 21.6% at7 months of age. Type 
III collagen was present at levels of 33% at birth in 
this tissue, but decreased rapidly to 22% at 1 month 
of age. This percentage continued to drop to 10% at 
70 months of age. The rapid loss of &1-CB6 of type 
I collagen in this tissue also indicates that cross- 
linking of collagen occurs quickly after birth. 


Thyroid Lamina. The distributions of type I, II, and 
II collagens in the thyroid lamina during early devel- 
opment are shown in the Figure, C. Type I collagen 
was, again, found to be the major collagen type, with 
increases from 64% to 84% throughout the early 
neonatal development of the thyroid lamina. Type HI 
collagen was present at a very low level (4%) at birth, 
but increased to about 20% at 2 months of age. This 
level was maintained until 18 months of age, but 
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dropped to about 8% at 70 months of age. Type III 
collagen decreased from 25% at birth to 7% at 7 
months of age. Cross-linking of collagen was also 
found to occur rapidly during the first month of life. 


Arytenoid. The changes in distributions of type I, 
H, and IH collagens in the arytenoid during the early 
development of the larynx are shown in the Figure, D. 
Unlike the other tissues described above, type II 
collagen was not found in the arytenoid from birth to 
70 months of age. However, typeI collagen increased 
from 65% to 80% during the first month of life and 
was maintained at this level up to the age of 70 
months. Type III collagen was present at birth at 
levels of 35%, decreased to 20% rapidly during the 
first month of age, and continued to drop to 12% at 70 
months of age. Cross-linking of collagen was also 
found to occur rapidly during the first month of life 
in this tissue. 


SUMMARY 


Type I collagen was the major component found in 
all four cartilaginous structures analyzed. However, 
a small percentage of type II collagen was found in 
the thyroid lamina. Type II collagen was absent at 
birth in all laryngeal cartilages analyzed. Type III 
collagen was found in concentrations of 15% to 35% 
in all of the laryngeal cartilages at birth. It is also 
evident that significant amounts of collagen are al- 
ready cross-linked at birth. 


A dynamic change in the distribution of the differ- 
ent types of collagen and an increase of cross-linking 
of type I collagen occur within the first month of life 
in all four components of the larynx analyzed. Cross- 
linking is a part of the maturation process of collagen 
and is very important to the stability and mechanical 


properties of the collagenous tissues. No significant 
amount of type II collagen is present in the arytenoid 
cartilage. While type IT collagen increases in concen- 
tration to 20% in both the cricoid cartilage and the 
thyroid lamina at 7 months of age, it was found to 
remain at this level in the cricoid cartilage for up to 70 
months of age. However, type II collagen drops to 8% 
within the thyroid lamina. Type MI collagen de- 
creases to levels below 10% as the larynx passes its 
neonatal development. 


CONCLUSIONS 


This preliminary study establishes the types and 
quantities of fibrillar collagens present during the 
early growth and development of the laryngeal carti- 
laginous framework. The study does not attempt to 
correlate these findings with any clinical aspects of 
laryngeal disease. Itis obvious from these studies that 
collagen is in a constant state of flux during laryngeal 
growth and development. 


In progress are studies that will include informa- 
tion regarding 1) sex variations, if any; 2) hormonal 
changes at puberty; 3) trauma; 4) infection; 5) con- 
genital anomalies; 6) autoimmune disease; 7) the 
aging process; and 8) tissue distribution and localiza- 
tion by using immunohistochemical methods. 


Also in progress and soon to be completed are 
evaluations of the collagen content of the tracheal 
rings, hyoid bone, true vocal cords, false vocal cords, 
and the aryepiglottic folds. Also in progress are 
electron microscopy and immunochemistry studies. 


Histologically, the laryngeal cartilages are consid- 
ered hyaline-type cartilage, yet biochemically these 
cartilages do not have the type II collagen commonly 
associated with this type of cartilage. 
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FREE JEJUNAL GRAFT: EFFECTS OF LONGITUDINAL MYOTOMY 


BRUCE H. HAUGHEY, MBCHB, FRACS 
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St Louis, MISSOURI 


Pharyngoesophageal reconstruction using the free vascularized jejunal graft results in dysphagia in approximately 20% to 40% of 
patients. This may be caused by graft contractility, and we therefore developed this canine model to assess the functional effects of myot- 
omy on transplanted jejunum. Nine female dogs underwent microvascular transposition of jejunum to the neck, the bowel being placed 
subcutaneously with two end jejunostomies. Baseline functional manometry was performed. Five animals then underwent complete 
longitudinal myotomy and four animals underwent a sham procedure. Graft function was then reevaluated after complete wound healing. 
Contraction frequency, contraction amplitude, and total work done by the graft were recorded; all grafts demonstrated activity and were 
more active postrecovery than at the time of operation. Although myotomy animals showed a within-group trend to decreased contrac- 
tility postintervention, this was not statistically significant. Furthermore, there was no significant postintervention difference between 
the sham and myotomy groups. We conclude that our model is effective for the study of activity in the free jejunal graft and that Jongi- 
tudinal myotomy does not significantly reduce, let alone ablate contraction. 


KEY WORDS — free vascularized jejunal graft, graft contractility, myotomy, pharyngoesophageal reconstruction. 


INTRODUCTION 


Reconstruction of the upper aerodigestive tract 
after ablative procedures has always been of major 
concern to head and neck surgeons. Skin and muscu- 
locutaneous flaps have been used extensively,!+ 
because they are readily available, and patients can 
reestablish oral nutrition by using gravity through a 
passive conduit. These methods result in an adynam- 
ic segment in the swallowing tract with minimal 
adaptation to the functional qualities of either pharyn- 
goesophageal musculature or the mucosal lining. 


Improvement in reconstruction of pharyngoesoph- 
ageal defects has accompanied the use of enteric 
tissue. Donor sites have included stomach, jejunum, 
ileum, and colon, and reliability of microvascular 
technique has made the use of free jejunal tissue 
transfer popular. The idea, however, of free tissue 
reconstruction in this region is not new. In 1907, 
Carrel* reported the experimental free transfer of 
bowel for restoration of an esophageal defect. Hiebert 
and Cumings? were the first to report this method in 
humans in 1961, using gastric antrum. 


The free jejunal graft has been demonstrated to 
provide very satisfactory upper aerodigestive tract 
reconstruction. Advantages include relative ease of 
harvest, low donor site morbidity, a lumen diameter 
compatible with that of the esophagus, and lubrica- 
tion of orogastric transport with constant secretion 
from the mucosal glands. Although the use of free 


jejunal grafts is widespread, problems have been 
identified. Approximately 40% of patients have some 
degree of delay in bolus transit time through the 
grafted segment.’ This is potentially an even greater 
problem if the larynx is preserved, as has been re- 
ported in conjunction with the use of free jejunal 
grafts,® because of the ever-attendant risk of aspira- 
tion. The motility problems in these grafts seem to be 
due to continued, unmodulated peristalsis and seg- 
mental contractions mediated by the myenteric plexus. 
Although the grafts are extrinsically denervated, these 
autonomous plexi continue to function. Disuse atro- 
phy of muscle is thereby prevented and an associated 
decrease in activity may not ensue. 


One of us (B.H.H.) developed a canine model that 
allowed for assessment of free jejunal graft motility 
characteristics.? By placing the segment subcutane- 
ously in the neck and exteriorizing it to form end 
jejunostomies, easy access was provided to the lu- 
men. Subsequently, various baseline studies were 
performed, including manometry, fluoroscopy, and 
electromyography.!° 


The present study was designed to eliminate the 
intrinsic contractions seen in the canine free jejunal 
graft. Specifically, a longitudinal myotomy was per- 
formed toconvert the graft into a passive yet mucosally 
lined conduit. In addition, the original model? was 
modified so that it could be tested over a longer 
period of time. 


From the Department of Otolaryngology—Head and Neck Surgery, Jewish Hospital Division, Washington University School of Medicine, St Louis, 
Missouri. Supported by a Jewish Hospital of St Louis Research Endowment Grant, 1990. This study was performed in accordance with the PHS Policy 
on Humane Care and Use of Laboratory Animals, the NIH Guide for the Care and Use of Laboratory Animals, and the Animal Welfare Act (7 U.S.C. 
et seq.); the animal use protocol was approved by the Committee on the Humane Care of Laboratory Animals (CHCLA) of Washington University. 
Presented at the meeting of the American Laryngological Association, Waikoloa, Hawaii, May 4-5, 1991. 
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Fig 1. Photographs from myotomy procedure. A) Canine free jejunal graft (20 cm). B) Revascularized jejunal graft with Penrose 
drain exiting from jejunostomies. C) Myotomized free jejunal graft. Note exposed submucosa (curved arrow) and cut muscle 


margin (straight arrow). D) Free jejunal graft in ventral neck position. Note herniation of graft at jejunostomies and shortening 
of subcutaneous segment. 


MATERIALS AND METHODS 


The present study modified an earlier technique, in 
which we developed a canine model for study of 
revascularized free jejunal segments.? The modified 
incisions and graft placements detailed below al- 
lowed longer-term analysis of the canine free jejunal 
graft in both the control and experimental myotomy 
arms. 


Nine female mongrel dogs were used, weighing 
between 15 and 20 kg. They received 1 g of neomycin 
sulfate orally twice a day for 2 days and were given 
nothing to eat for 24 hours preoperatively. On the day 
of operation, they were sedated with 10 mg of acepro- 
mazine maleate administered intramuscularly, and 
then shaved. Anesthetic induction was achieved with 
25 mg/kg sodium pentobarbital administered intrave- 
nously and was followed by endotracheal intubation 
and maintenance on halothane 1%, nitrous oxide 1 L/ 
min, and oxygen 1 L/min. After preparation, separate 
operative fields were established in the neck and 
abdomen. 


A midline laparotomy was performed and jejunum 
just distal to the ligament of Treitz was evaluated. A 


bowel segment measuring from 15 to 25 cm, served 
by a single artery and vein, was harvested (Fig 1A), 
and the intestinal lumen was flushed with an iodine 
solution. The segmental artery and vein were pre- 
pared under the microscope, while the graft was 
bathed in cold saline. Bowel continuity in the abdo- 
men was then reestablished by using a single layer of 
interrupted 3-0 Vicryl suture. The abdominal wall 
was Closed in the standard layered fashion. 


A single curved neck incision was then made, 
approximately 12 cm in length and transverse to the 
long axis of the neck and the jejunal graft. This 
approach was designed to minimize scar contracture 
along the axis of the graft. This in turn prevented 
gross shortening and herniation of the graft during 
the study period. This approach was a revision of our 
original model,? which employed a longitudinally 
directed neck incision. The external jugular vein, its 
major tributaries, and the lingual artery were care- 
fully dissected free. End-to-end anastomoses were 
established between recipient and donor vessels by 
using interrupted or continuous 10-0 nylon suture 
and standard microvascular technique. Once the graft 
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was being perfused, it was placed parallel to the long applied. 


axis of the neck in a lateral subcutaneous pocket. This 
dorsolateral placement kept the graft out of the loos- 
est ventral skin on the flexor aspect of the neck, again 
to minimize any shortening. The ends of the graft 
were then tunneled beneath the skin flaps, and end 
jejunostomies were fashioned. One Penrose drain 
was placed in the wound while another was inserted 
through the lumen of the graft to allow adequate 
drainage of jejunal secretions (Fig 1B). The neck 
wound was closed in a layered fashion and a mild 
pressure dressing using an orthopedic stocking was 
















The animals received morphine intramuscularly 
perioperatively and 300 mg ampicillin sodium intra- 
muscularly twice a day for 1 week. They were ini- 
tially given water ad libitum and then fed canned food 
on the fourth postoperative day. They were later 
advanced to dry chow. 


Evaluation of jejunal graft activity was achieved 
with solid state manometry. The manometry catheter 
housed three circumferential pressure transducers 
spaced 3.5 cm apart (Konigsberg Instruments) and 
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FREE JEJUNAL GRAFT MOTILITY 


Condition Parameter Intervention 
Baseline Contractions Sham 
per minute Myotomy 
Contraction Sham 
amplitude (mm Hg) Myotomy 
Cumulative Sham 
pressure (mm H¢g/s) Myotomy 
Metoclopramide 
stimulation Contractions Sham 
per minute Myotomy 
Contraction Sham 
amplitude (mm Hg) Myotomy 
Cumulative Sham 
pressure (mm Hg/s) Myotomy 


was connected to a transducer coupler (type A; strain 
gauge bridge) that fed the electrical signals to an 
analog to digital converter (Coulbourn Instruments). 
Data were collected and analyzed on an XT 286 
microcomputer with a custom-designed software 
program from National Instruments, Inc. The sinusoi- 
dal pressure waves from each transducer were dis- 
played graphically and the program then obtained 
averages for contraction amplitude (millimeters of 
mercury), contraction frequency (waves per minute), 
and cumulative pressure for the 5-minute test (milli- 
meters of mercury per second). 


We performed baseline manometry immediately 
following graft revasculation at the time of operation 
and again 2 to 3 weeks postoperatively with the 
animal under light sedation (postrecovery and prein- 
tervention [PRPI]). All manometry tests were § min- 
utes long and were performed on animals fasted for 
24 hours. After each initial test, we repeated manom- 
etry at 5 minutes, 1 minute after a temporary motility 
stimulus (10 mg metoclopramide hydrochloride given 
intravenously). With baseline data collected and 
stored, the animals were randomly divided into a 
sham group (n = 4) and a myotomy group (n = 5). 
Under an anesthetic regimen similar to that in the 
tissue transfer operation, the myotomy-assigned ani- 
mals underwent an S-shaped incision through the 
neck skin overlying the graft. Dissection continued 
down to the level of the jejunum, and a longitudinal 
incision was made through the serosa and both layers 
of muscle. To ensure complete circumferential dis- 
continuity, the submucosal surface was carefully laid 
bare of muscle tissue for a width of 0.5 to 1.0cm along 
the entire length of the graft (Fig 1C). Occasional 
rents in the mucosa were repaired with interrupted 4- 
Qchromic suture. In the sham operation, the approach 
and dissection went through the subcutaneous tissue 


Testing Period (mean + SD) 


Time of Postrecovery and 
n Operation Preintervention Postintervention 
4 15+ 1.1 0.5 £ 0.7 34+ 1.8 
5 13+ 1.2 4.3 3.5 31+ 3.4 
4 77+ 1.7 23+ 2.5 78+ 50 
§ - 116+ 103 154+ 15.0 11.6 + 15.1 
4 115.0 + 68.4 58.2 + 31.9 226.8 +202.0 
5 131.9 +118.7 249.7 + 237.6 199.5 +265.5 
4 22+ 13 7.4 t 2.8 82+ 3.2 
5 25+ 2.5 66+ 5.5 58+ 42 
4 12.1+ 3.3 65.1 + 56.0 31.0 = 22.5 
5 21.4 + 16.2 51.9 41.6 29.4 + 25.5 
4 131.8 + 48.9 124.1 +1,109.8 668.6 + 549.6 
5 244.8 +218.4 985.7 + 863.3 635.8 +580.1 


to expose the graft, but did not penetrate the serosa or 
muscle. The wounds were then closed in a layered 
fashion. All animals received 300 mg ampicillin 
sodium administered intramuscularly twice a day for 
4 days postoperatively. 


After complete healing and recovery (2 to 3 weeks 
from their second operations), both sham and myot- 
omy groups underwent manometric testing with and 
without metoclopramide (postintervention [PI]). 


At the end of the study, all animals were painlessly 
killed and the grafts were immediately harvested and 
placed in 10% formalin. Gross and microscopic histol- 
ogy were performed by the Department of Pathology, 
Jewish Hospital of St Louis. All data collected were 
analyzed by astatistician using the Wilcoxon nonpara- 
metric test. 


RESULTS 


All nine animals survived the initial operation and 
had primarily viable free jejunal grafts. The average 
ischemia time was 2 hours. The graft length averaged 
19 cm in the sham group and 20 cm in the myotomy 
group (range 15 to 25 cm). The wounds healed well 
after both primary free tissue transfer and surgical 
interventions. However, three of the five myotomy 
dogs developed temporary fistulae, probably due to 
occult microperforations caused by surgical trauma. 


Figure 2A shows a representative tracing of wave- 
forms from the three transducer probes in a graft 
during PRPI baseline testing. Figure 2B shows con- 
tractile activity in the same graft after injection of 
metoclopramide. Results from the motility studies 
are shown in the Table. Because the group sizes were 
small, statistical analysis of the data was nonparamet- 
ric. All data had Jarge standard deviations, and there- 
fore statistical differences (p < .05, Wilcoxon test) 


as! 
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Fig 3. Postmyotomy histology showing cut end of circular 
and longitudinal muscle layers with ingrowth of fibrous 
scar tissue between arrows. 


within and between groups were difficult to estab- 
lish. 


Each manometric test was first performed with the 
graft in the resting or baseline state. We anticipated 
that there would be low-grade contractile activity at 
this baseline. With this low activity possibly being 
reduced even further by myotomy, difficulty in de- 
tecting small differences in motility within and be- 
tween grafts was predicted. Therefore, each graft was 
retested after injection of metoclopramide (Reglan, 
AH Robins), a potent stimulator of gut activity, to 
determine the potential maximum activity of the 
graft. The longitudinal jejunal myotomy was an ef- 
fort to completely abolish not only baseline contrac- 
tile activity, but also the potential for high-grade 
contractions seen at certain phases of the digestive 
cycle. The random assignment of dogs to the two 
intervention groups resulted in the following. The 
sham group, when tested at baseline before interven- 
tion, demonstrated a significantly decreased (p < .02) 
mean cumulative pressure (millimeters of mercury 
per second) for the 5-minute test versus the group 
randomized to myotomy. However, the group means 
were similar under a metoclopramide stimulus (see 
Table). We are unable to explain this peculiarity, but 
believe it may reflect our small group sizes. We did 
observe large individual differences in spontaneous 
graft contractility; thus, chance assignment of grafts 


with low activity to the sham group may have oc- 
curred, 


There was a trend toward an increase in graft 
contractile activity from the time of operation to 
PRPI for the myotomy group, at baseline, and for 
both groups with metoclopramide. In no case, how- 
ever, was this change statistically significant. The 
sham group activity was decreased, but not signif- 
icantly (see Table). 


Although there was a trend to decreased graft 
activity after myotomy, with a mean decrease in all 
parameters both with and without metoclopramide, 
there was not astatistically significant decrease within 
the group, ie, PRPI versus PI. Mean total graft work 
decreased 20% at baseline after myotomy and 36% in 
the metoclopramide-stimulated mode. The sham sur- 
gery dogs did 380% more baseline work after inter- 
vention, but 44% less metoclopramide-stimulated 
work. There was also no significant difference in 
activity between the sham surgery group and the 
myotomy group after intervention, either at baseline 
or with metoclopramide. In short, the longitudinal 
myotomy did not demonstrate the ability to signifi- 
cantly diminish contractile activity as measured by 
solid-state manometry. 


DISCUSSION 


Ever since the pioneering worki! of Mikulicz, 
Gluck, Trotter, Wookey, and others, surgeons have 
searched for the ideal reconstruction following total 
laryngopharyngectomy and/or cervical esophagec- 
tomy. The primary goal is to establish orogastric 
transit sufficient for the patients’ nutritional needs, 


One-stage repair using the free jejunal autotrans- 
plant with microvascular anastomosis is successful 
and popular, but may leave the patient with functional 
dysphagia. This can be caused by attempting to 
swallow against acircumferentially contracted graft. 
Such contraction could also potentially inhibit tracheo- 
esophageal or tracheojejunal phonation. We have 
noted starts and stops in speech continuity in these 
patients, possibly due to graft contraction. +? 


The present study reports the results of delayed 
surgical myotomy performed on microvascular free 
jejunal grafts in dogs. The original model? has been 
modified to facilitate long-term study of the jejunal 
segment. 


We observed a wide range of spontaneous baseline 
activity from graft to graft after revascularization. 
This unpredictable behavior persisted after a sham 
operation, with baseline pressure parameters (fre- 
quency, amplitude, and cumulative pressure) appar- 


338 Haughey & Forsen, Free Jejunal Graft 


ently increasing postoperatively. Under conditions 
of preoperative and postoperative metoclopramide 
stimulation, however, sham-operated dogs showed a 
trend to diminished activity. After the myotomy, 
despite the disrupted grafts’ showing reduced activ- 
ity on all parameters both with and without a metoclo- 
pramide stimulus, this trend was not statistically 
significant. Furthermore, pressure parameters be- 
tween the myotomy group and the sham group were 
not significantly different. This suggests that even 
though the myenteric plexus is surgically interrupted, 
it relies on longitudinal rather than circumferential 
continuity for continued function. Furthermore, its 
residual motile function is capable of generating 
near-normal intraluminal pressure, despite discontinu- 
ity. One additional possibility to explain this would 
be restoration by scar tissue of a physical connection 
between the cut muscle margins. We were able to 
document this phenomenon histologically in sampled 
grafts (Fig 3). The manometry findings were con- 
trary to our hypothesis that myotomy would cause 
total or near-total ablation of contractility. The rather 
small magnitude of reduction in average pressure 


parameters in myotomized grafts and the equiva- 
lence of sham surgery to myotomy surgery is strong 
experimental evidence that the myotomy we per- 
formed was ineffective. The next phase of this experi- 
mentation will study the effects of other forms of 
intervention, including drugs and radiotherapy. 


CONCLUSIONS 


1. A3-month study of exteriorized jejunal free flaps 
is feasible in dogs, avoiding gross intussusception 
(Fig 1D). 

2. Immediate postoperative motility is not predic- 
tive of activity in the healed, postoperative state. 

3. Delayed myotomy of jejunal free flaps is feasible 
despite some temporary complications. 

4. A trend to decreased motility in myotomized 
grafts is not clinically or statistically significant. 

5. There is no significant difference in motility be- 
tween myotomized grafts and sham-operated 
grafts. 

6. Future research to modify jejunal graft motility 
should include other modalities, eg, pharmaceuti- 
cal or radiotherapeutic. 
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Functional neck dissection (FND) is a neck-functional, tumor-radical approach for the management of the neck in patients with head 
and neck cancer. Based on the anatomic knowledge of the lymphatic compartments of the neck, FND is a different surgical technique rath- 
er than a modification of the classic procedure described by Crile. From an oncologic viewpoint, FND is a relatively safe operation to treat 
the cervical spread from head and neck cancer as long as the indications and technical details are carefully followed. In this report, based 
on our experience with more than 1,000 FNDs, we analyze the history and the philosophy of the operation. 


KEY WORDS — functional neck dissection, head and neck cancer. 


The proper management of the neck in patients 
with head and neck cancer is one of the unresolved 
oncologic questions. Cervical metastases are the 
only certain risk factor and the best prognostic in- 
dicator for patients with head and neck cancer. 


Since 1906 the so-called radical neck dissection 
has been the principal tool in the management of 
cervical metastases in patients with head and neck 
cancer.! The operation, described by Crile, com- 
pletely removes the lymphatic system of the neck 
along with a number of functional and cosmetically 
important structures. To avoid the unnecessary re- 
moval of these structures, several conservation pro- 
cedures have been used since the 1920s. One of 
them is the functional neck dissection (FND), which 
has been the subject of controversy for the last 30 
years. 


The anatomic basis for this procedure was devel- 
oped by Osvaldo Suarez. In 1969 he taught the 
principles to the senior author (C.G.). Since then, 
more than 1,000 standardized FNDs have been per- 
formed at our institutions. In this report we want to 
pay recognition to the man who made possible the 
development of this new therapeutic approach to 
the neck, which combines oncologic radicalness 
with surgical conservatism. No statistics on long- 
term results will be mentioned,. since our results 
with FND have been previously reported.? 


HISTORICAL DEVELOPMENT 


In 1968 one of us (C.G.) was invited to give a 
course at the University of Córdoba, Argentina, and 
he met Dr Osvaldo Suárez. At that time Suárez was 
assigned to the otolaryngology—head and neck sur- 
gery department, and also taught in Professor Pedro 
Ara’s department of anatomy. Ara, born in Spain, 
was a well-known anatomist who became popular 


as the “Spanish Anatomist” after embalming the ca- 
daver of Eva Perón. The close relationship between 
Suárez and anatomy is emphasized here because it 
is key to the understanding of the surgical technique 
of FND. 


The impression of the new surgical technique 
performed by Suarez was so profound that Suarez 
was asked to reciprocate our visit by coming to 
Madrid the next year. In June 1969 Suarez came to 
our institution and gave a course on neck surgery. 
For 2 weeks he operated with us daily and taught us 
the FND. Surgeons from all over Europe attended 
the course. 


Although Suarez did not write extensively about 
the fundamentals and surgical technique of FND, 
he must be credited as the first to define the an- 
atomic basis and surgical criteria for FND. His 
studies confirmed and expanded upon the anatomic 
concepts described by Truffert in 1922. This led to 
a revision of the classic principles of neck dissection. 
Other surgeons have been responsible for the 
worldwide acceptance of FND, because Suárez only 
published a few papers regarding the problem of 
cervical metastases, and none of them in English.*5 
The FND is almost always mentioned as Bocca’s 
procedure, because Bocca and his group popular- 
ized the technique in the English-language litera- 
ture.*° Calearo, a member of Bocca’s group who 
attended our first course on FND in 1969, with 
Teatini’ reported in the English-language literature 
the surgical technique of FND in a step-by-step 
manner, as we had in the Spanish-language litera- 
ture 11 years before.'° 


CONCEPTUAL BASIS 


Under normal conditions the whole lymphatic 
system of the neck lies within a system of fascial 
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compartments.* Lymph nodes and ducts are in close 
proximity to the muscular, neural, vascular, and 
glandular structures of the neck, but a fascial bar- 
rier separates these structures from the lymphatic 
system of the neck. In NO and N1 patients the cel- 
luloadipose tissue containing the lymphatic system 
of the neck can be completely removed by carefully 
stripping the fascial cover from the muscles, vessels, 
nerves, and glands. A number of reports have dem- 
onstrated that for NO and N1 disease FND is as ef- 
fective as the classic procedure.?*"!'? When tumor 
cells spread beyond the confines of the lymph node 
capsule — N2 and N3 patients — invasion of the 
fascial barrier recommends the removal of these 
structures. In these cases the radical operation is in- 
dicated. 


Philosophy. Now that FND is widely accepted as 
a relatively oncologically safe procedure, the prob- 
lem still remains regarding its philosophy. Most 
head and neck surgeons consider FND a “modifica- 
tion” of the procedure described by Crile. How- 
ever, FND is more than a simple “modified neck 
dissection,” because its anatomic and surgical prin- 
ciples are not derived from those of the Crile opera- 
tion. To be considered a new, different procedure, 
a surgical technique must be based on new anatom- 
ic, physiologic, or pathologic facts, and it must of- 
fer some advantages over the alternate operation.’ 
The FND is based in solid anatomic concepts de- 
rived from fascial compartmentalization of the 
neck. The idea of fascial spaces of the neck, devel- 
oped by Suarez,‘ holds the clue to the difference 
between the procedures. 


Nomenclature. During the last three decades, 
FND has received several names. Suarez called the 
procedure FND, and we find no reason to change 
this name. The reason for the multiple names for 
FND must be sought in the frequent misunder- 
standing of the real meaning of the word functional 
when applied to a neck dissection, The term func- 
tional has usually been misunderstood as meaning 
“not aggressive against cancer,” when it really 


means “retaining maximum patient function while 
not jeopardizing outcome.” As stated by Suarez in 
1962, “The extent of a radical approach should be 
conceived against cancer and not against the neck.”* 


Common nomenclature is needed both to facili- 
tate the communication between different institu- 
tions and for training programs. For this purpose 
exhaustive classifications'* are impractical. Young 
surgeons in training need a practical classification 
in order to learn the fundamentals of neck surgery. 
After learning the basic principles of neck surgery 
they will be able to widen their surgical techniques 
to fit the operation to the problem on a more in- 
dividualized basis. 


Time and Difficulty. It is frequently mentioned 
in the literature that FND is a technically difficult 
and time-consuming operation that must be per- 
formed only by the experienced head and neck sur- 
geon. It has been said that inexperienced surgeons 
or those performing only a limited number of major 
procedures in the head and neck should limit their 
activity to the easier classic operation." 


In our opinion, technical difficulty must be com- 
bated with the creation of enough well-trained sur- 
geons capable of performing this operation. To rec- 
ommend more aggressive solutions than those re- 
quired only because of technical difficulty is non- 
sense and contributes to stopping the natural evolu- 
tionary process of medicine. To quote Sir Charles 
Ballance, “That the execution of an operation is dif- 
ficult is no reason why it should be shirked or 
scamped.”!® 


Accepting FND as a more time-consuming proce- 
dure than the classic operation for the majority of 
neck surgeons, the extra time added when perform- 
ing an FND — 30 to 60 minutes — must be proper- 
ly evaluated. One hour is not a high price to pay for 
the lifetime preservation of important anatomic, 
physiologic, and cosmetic structures, provided on- 
cologic safety is guaranteed. 
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FACTORS PREDICTING POSTOPERATIVE SENTENCE SCORES 
IN POSTLINGUISTICALLY DEAF ADULT COCHLEAR 
IMPLANT PATIENTS 
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A sample of 64 postlinguistically profoundly to totally deaf adult cochlear implant patients were tested without lipreading by means of 
the Central Institute for the Deaf (CID) sentence test 3 months postoperatively. Preoperative promontory stimulation results (thresholds, 
gap detection, and frequency discrimination), age, duration of profound deafness, cause of deafness, lipreading ability, postoperative in- 
tracochlear thresholds and dynamic ranges for electrical stimulation, depth of insertion of the electrode array into the scala tympani, and 
number of electrodes in use were considered as possible factors that might be related to the postoperative sentence scores. A multiple regres- 
sion analysis with stepwise inclusion of independent variables indicated that good gap detection and frequency discrimination during pre- 
operative promontory testing, larger numbers of electrodes in use, and greater dynamic ranges for intracochlear electrical stimulation were 
associated with better CID scores. The CID scores tended to decrease with longer periods of profound deafness, 


KEY WORDS — cochlear implantation, profound deafness, promontory stimulation, sentence test. 


INTRODUCTION 


Since 1982, over 120 patients have been implanted 
in Melbourne with the 22-electrode cochlear im- 
plant manufactured by Cochlear Proprietary Lim- 
ited. The benefit of the implant to these patients 
has varied over a considerable range, to the extent 
that over one third of them have been able to use 
the telephone for simple conversations? and a few 
have received so little benefit that they do not use 
the device for more than 1 or 2 hours per week. In 
the selection and preoperative counseling of the pa- 
tients, it would be very helpful to be able to predict 
whether the result was likely to be good or poor. 
This paper considers a number of factors that might 
be used to make such a prediction, in the light of the 
Melbourne experience so far. 


A number of previous authors have discussed the 
possibility that electrical stimulation of the prom- 
ontory might be used as a preoperative measure of 
nerve survival and/or likely benefit from a cochlear 
implant.*-*° Controversy exists as to the prognostic 
value of promontory stimulation results, as it has 
been shown that this procedure may not give a good 
indication of the percentage of surviving dendrites.** 
Cases of poor or negative promontory stimulation re- 
sponses associated with good implant outcome have 
been reported. However, some correlation has 
been found between preoperative and postoperative 
data in some patient populations.”*° In assessing 
the usefulness of promontory stimulation data it is 
also relevant to consider the correlation (if any) of 
preoperative thresholds with postoperative intra- 


cochlear thresholds. If these two measures are both 
related to the size of surviving neural populations, 
one would expect them to be highly correlated with 
one another. The present analysis includes intra- 
cochlear as well as promontory thresholds. 


Previous studies’'-'* have shown correlations of 
patient age and duration of deafness with postoper- 
ative speech results, Other variables included in this 
analysis were cause of deafness, which is known to 
affect the survival of ganglion cells in profound 
deafness,‘* and depth of insertion of the electrode 
array into the scala tympani, which is known to af- 
fect the range of pitch sensations produced." A var- 
iable that is similar to the depth of insertion is the 
number of electrodes in use in the patient’s speech 
processor. This number is particularly important in 
the coding strategy of the Cochlear prosthesis, be- 
cause it affects the number of frequency steps that 
are available to code the spectral peaks. Number of 
electrodes in use and dynamic range of electrical 
stimulation have both been found to be related to 
vowel and consonant recognition in patients using 
the Cochlear prosthesis. +11? 


METHODS 


From the patients implanted in Melbourne, a sam- 
ple of 64 postlinguistically deaf adults and teenagers 


whose native language was English was chosen. | 


Children still developing spoken language, prelin- 
guistically deaf adults and teenagers with poorly 
developed spoken language, and foreign language 
speakers were excluded because of the overriding 
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factor of language competence that applies to these 
groups. 

Preoperatively, all of these patients underwent 
transtympanic promontory stimulation. An unin- 
sulated. fine-gauge needle was passed through the 
posterior-inferior quadrant of the tympanic mem- 
brane approximately halfway between the umbo 
and the annulus onto the promontory. In some cases 
topical anesthesia was used. The electrode was held 
in place by an aural speculum with a small magnet 
on its inner wall. The ground electrode was placed 
on the ipsilateral cheek. 


Over the years in which the data were collected, 
the current waveform used for promontory stimula- 
tion was changed from biphasic pulses of short 
duration to a square wave with a 100% duty cycle. 
The change was made because it was found that the 
threshold of pain was lower relative to the threshold 
for sound sensations with the pulsatile waveform. 
The first 14 patients were tested with the pulsatile 
waveform, and the rest were tested with square 
waves. In order to compensate for the different 
waveforms, the pulsatile thresholds were converted 
to equivalent square wave currents with the same 
charge per phase. 


Each patient was implanted with the 22-elec- 
trode intracochlear implant developed by the Uni- 
versity of Melbourne and Cochlear Proprietary 
Limited." Intracochlear thresholds and maximum 
comfortable levels were measured by the audiolo- 
gist, and the wearable speech processor was pro- 
grammed. For the first 10 weeks after the opera- 
tion, the patients were counseled in the use of the 
implant and given practice at various communica- 
tion tasks. The threshold and comfortable levels 
were adjusted as the patients became more familiar 
with the sounds. At the end of the 10 weeks, the pa- 
tients were evaluated with a number of speech tests, 
including the Central Institute for the Deaf (CID) 
Everyday Sentence Test.’* This test consists of lists 
of 10 everyday sentences containing 50 key words. 
The patient’s score is the number of key words rec- 
ognized. The test was presented from a tape record- 
er, in a free field at a level of 65 to 70 dB sound pres- 
sure level by means of the wearable speech proces- 
sor and the ear-level microphone, and without lip- 
reading. This test was selected for use in this study 
because the result was available for most patients 
and, of all.the tests, it most closely estimates the 
benefit of implantation to the patient in real con- 
versational situations. 


During the period in which the data were col- 
lected, the wearable speech processor was improved. 
The largest change occurred with the introduction of 
a two-formant (FOF 1F2) speech coding scheme to re- 
place the original single-formant (FoF 2) scheme. 192 
To compensate for the effect of this change, the 
CID sentence scores of the 16 patients who used the 


FoF 2 processor were multiplied by a constant factor 
(2.15), making the mean score for this group equal 
to the mean score of the remaining 48 patients who 
used the FoF 1F2 processor. This procedure removes 
the effect of the processor change from the statisti- 
cal analyses that follow. i 


One further adjustment to the data was required 
before the statistical analysis. It is possible to pro- 
gram the 22-electrode implant in several different 
electrode configurations, known as common ground, 
bipolar, bipolar-plus-one, bipolar-plus-two, ete. In 
the common ground mode, the electrical current 
flows between a selected electrode and all other 
electrodes of the array. In the bipolar modes, cur- 
rent flows between two selected electrodes. The 
selected electrodes are adjacent in the bipolar 
mode, have one unselected electrode between them 
in the bipolar-plus-one mode, and so on. Each 
mode produces a different intracochlear threshold, 
because the electrical current distribution in the 
cochlea is different. Forty-two patients used the 
bipolar-plus-one mode, and the intracochlear 
thresholds for the other patients were corrected to 
equivalent bipolar-plus-one values. The corrections 
were made by adding the average differences be- 


. tween threshold levels for different electrode con- 


figurations measured in a separate experiment for 
three patients (see Appendix). 


RESULTS 


Table 1 summarizes the distribution of each vari- 
able for the group of patients. Not all of the data 
were available for every patient, especially prom- 
ontory stimulation thresholds, as these were not al- 
ways measured at all three pulse rates. No attempt 
was made to reach a threshold for sound at levels 
higher than the threshold for pain. Out of the 64 pa- 
tients, 58 reported hearing a sound for at least one 
frequency of stimulation. The current level steps 
used to measure intracochlear thresholds corre- 
spond to equal ratio increments of about 2% , with 
level 200 corresponding to 1.5 mA. The waveform 
used was a biphasic pulse with duration of 200 ps 
per phase and various rates between 100 and 200 
pulses per second. The threshold values used in the 
analysis were those programmed into the speech 
processor at the time the CID sentence test was car- 
ried out. 


In addition to the variables listed in Table 1, each 
patient was assigned a “stim-code” that summarized 
the frequency discrimination and gap detection per- 
formance during promontory stimulation. A stim- 
code of 1 was assigned to 29 patients who showed no 
evidence of discrimination of the different pulse rates 
used,‘ and poor gap detection thresholds (greater 
than 50 milliseconds). Twenty-four patients who 
showed evidence of frequency discrimination or 
good gap detection but not both were assigned a 
stim-code of 2. Eleven patients who showed both 
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TABLE 1. SUMMARY OF VARIABLE DISTRIBUTIONS 


FOR PATIENT SAMPLE 
I aaia nimat amum. Me SDE 
Age (y) 64 14 75 50.0 15.8 
Duration (y) 64 1 53 14.6 12.5 
Hearing (dB HTL) 61 90 125” 115.2 10.5 
T-50 (uA) 39 1 128 16.0 20.5 
S-50 (pA) 29 ] 128 18.3 23.4 
T-100 {#A) 56 l 188 21.4 26.7 
S-100 (pA) 4] l 188 21.4 29.3 
T-200 (nA) 4] l 113 32.4 30.8 
S-200 (uA) 25 l 90 23.8 24.6 
T-basal (cl) 61 60 230 115.3 29.3 
T-middle (cl) 61 57 197 117.4 29.7 
T-apical (cl) 59 15 221 109.0 39.0 
Range (cl) 59 8 108 42.5 21.0 
Electrodes 59 9 21 17.3 3.6 
Depth (mm) 64 10 25 20.3 3.4 
CID (%) 61 0 100 33.2 28.4 
CID-lip (%) 38 4 88 47.4 22.2 


N — number of patients for whom data were available for each vari- 
able; age — patient's age at implantation; duration — length of pro- 
found deafness prior to implantation; hearing — minimum hearing 
threshold for acoustic signals in decibels hearing threshold level (dB 
HTL) for frequencies 0.5, 1, 2, and 4 kHz measured preoperatively in 
implanted ear; T-50, T-100, T-200 — promontory stimulation thresh- 
olds in microamperes (pA) at which any sensation was first detected for 
square wave currents at 50, 100, and 200 Hz, respectively; S-50, S-100, 
S-200 — corresponding thresholds for detection of hearing sensation 
(ie, excluding tactile, pain, throbbing, and other sensations); T-basal, 
T-middle, T-apical — thresholds measured in current levels for hear- 
ing sensations with intracochlear pulsatile stimulation at most basal, 
middle, and most apical electrodes used by patient; range — number 
of current level (cl) steps between threshold and maximum comfortable 
level on middle electrode; electrodes — number of intracochlear elec- 
trodes used to code speech; depth —- length of electrode array inserted 
into scala tympani through round window as estimated by surgeon at 
time of implantation; CID — postoperative open-set CID Sentence 
Test score for hearing without lipreading; CID-lip — score on differ- 
ent list from CID Sentence Test presented from videotape as lipreading 
test with no auditory signal. 


*Value 125 dB was used for 27 patients who did not respond to sound at 
limit of audiometer. 


were assigned a stim-code of 3. It was not always 
possible to carry out the full promontory stimula- 
tion procedure, so some patients with stim-codes of 
l and 2 might have received a higher stim-code if 
the procedure had been completed. Patients were 
also classified according to their cause of deafness: 
29 unknown, 10 otosclerosis, 7 meningitis, 6 trau- 
ma, and 12 other (including radiation damage, an- 
tibiotic ototoxicity, syphilis, autoimmune disease, 
Meniere’s disease, Usher’s syndrome, and mumps). 


Several statistical analyses were carried out on 
the data. First, a Pearson correlation coefficient 
was calculated for each pair of variables. Table 2 
shows those correlation coefficients that were sig- 
nificantly different from zero with p< .05. 


The second analysis consisted of a number of t 
tests comparing the groups of patients with a par- 
ticular cause of deafness (otosclerosis, meningitis, 
and trauma) with the rest of the patients as a group. 
The independent variables included all those listed 
in Table 1 together with the stim-code. No signifi- 
cant differences were found for the trauma cases. 
T-50, S-50, T-100, and S-100 (defined in Table 1) 


TABLE 2. SIGNIFICANT CORRELATIONS BETWEEN 


PAIRS OF VARIABLES 
Variables r p N 
T-50 and S-50 985 .000 29 
T-50 and T-100 .924 .000 37 
T-50 and S-100 .964 .000 25 
T-50 and T-200 .628 .000 "32 
§-50 and T-100 951 .000 27 
S-50 and S-100 .966 .000 24 
S-50 and T-200 .600 .002 23 
T-100 and 8-100 .998 .000 41 
T-100 and T-200 .767 .000 39 
T-100 and S-200 .818 .000 23 
S-100 and T-200 805 .000 28 
S-100 and S-200 .820 .000 19 
T-200 and S-200 .997 .000 25 
T-basal and T-middle .326 .010 61 
T-basal and T-apical 446 .000 59 
T-middle and T-apical 580 .000 59 
T-basal and electrodes — 431 .001 59 
T-apical and electrodes —.339 .010 57 
Electrodes and depth 218 .033 59 
Range and electrodes 273 .037 59 
Duration and age 391 .001 64 
Duration and 
stim-code — .344 005 64 
Duration and CID — 42] 001 61 
Age and stim-code — 334 007 64 
Age and CID — .319 .012 61 
Stim-code and CID 449 .000 61 
T-basal and age 324 O11 61 
T-basal and CID — 272 .039 58 
T-middle and duration .268 037 61 
Electrodes and CID 429 .001 56 
Range and CID 398 .002 56 


r — Pearson correlation coefficient, p — probability of achieving cor- 
relation coefficient of magnitude greater than r by chance, N — number 
of patients for whom values of both variables were available. Other ab- 
breviations as in Table 1. 


were significantly higher for the meningitic patients 
than for the others; however, this was because one 
patient had promontory stimulation thresholds that 
were three to four times higher than those of any 
other patient tested. This difference may have been 
due to poor electrode placement, because the intra- 
cochlear thresholds for this patient were not partic- 
ularly high compared to the rest of the sample. As 
shown in Table 3, the otosclerotic patients were 15 
years older on average. There were marginally sig- 
nificant differences in the “electrodes,” CID-lip, 
and CID variables as well. No other variables 
showed significant differences between the oto- 
sclerosis group and the rest of the patients. 


The third analysis was an analysis of variance with 
stim-code as the independent variable and CID sen- 
tence score as the dependent variable. The analysis 
showed a highly significant effect (F = 7.347, df= 
2, 58, p<.002). Post hoc analysis using the least sig- 
nificant difference test indicated that the average 
CID scores for all three levels of stim-code were sig- 
nificantly different. The average scores were 20.7%, 
36.3%, and 55.6% for stim-code values 1, 2, and 3, 
respectively. This result is consistent with the signif- 
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TABLE 3. DIFFERENCES BETWEEN PATIENTS 
HAVING OTOSCLEROSIS AND REST OF PATIENTS 
eee ee eee 


Otosclerotic Other 

Patients Patients 
Variable Average N Average N t p 
Age (y) 62.5 10 47.7 54  —2.873 „006 
Electrodes 15.6 10 17.7 49 1.706 .093 
CID-lip (%) 35.5 8 50.6 30 1.755 .088 


CID (%) 19.7 10 35.8 51 1.661 .102 


N — number of patients in each group for whom data were available, 
t — Student’s ¢ statistic used to test whether group means were signifi- 
cantly different, p — probability that value of t greater than that 
shown would be achieved by chance. Other abbreviations as in Table 1. 


icant correlation shown in Table 2. 


The final analysis was a stepwise linear regression 
with CID score as the dependent variable and age, 
duration, hearing, T-apical, T-middle, T-basal, 
range, electrodes, depth, stim-code, CID-lip, and 
otosclerosis as the independent variables (defined in 
Table 1). Otosclerosis was included as a two-valued 
variable that was 1 for patients whose cause of 
deafness was otosclerosis and zero for all other pa- 
tients. The promontory stimulation thresholds and 
the etiology groupings other than otosclerosis were 
not included because the earlier analyses indicated 
no significant effect of these variables on CID 
sentence scores. A stepwise linear regression was 
carried out to determine which independent vari- 
ables produced a significant increase in the variance 
accounted for by the regression function. Four of 
the variables produced regression coefficients that 
were significantly different from zero with p< .05. 
These coefficients are summarized in Table 4. The 
regression produced a highly significant result 
(F=9.69, df=4, 51, p<.0001) and accounted for 
43.2% of the variance in the data. 


DISCUSSION 


Promontory Stimulation Thresholds. The thresh- 
olds for electrical stimulation of the promontory 
were consistent across frequency. The means and 
ranges of threshold values in Table 1 were similar 
for the different pulse rates, and the high correla- 
tions in Table 2 indicate that patients with low 
thresholds at one frequency also had low thresholds 
at other frequencies. The range of threshold cur- 
rents was similar to that observed in the study of 
Rothera et al.” Despite the consistent nature of these 
measures, no correlation was found with postopera- 
tive intracochlear thresholds or CID sentence 
scores. It is thus unlikely that promontory stimula- 
tion thresholds could be used as a predictor of coch- 
lear implant outcome. Possible explanations of the 
low correlation of promontory and intracochlear 
thresholds include the variable placement of the 
promontory electrode, and the broad spread of elec- 
trical current that would be influenced by anatomic 
differences and the electrical properties of sur- 
rounding structures. Hochmair-Desoyer and Kla- 
sek’ have reported some correlation between 
thresholds for promontory stimulation and intra- 


TABLE 4. COEFFICIENTS FROM MULTIPLE 
REGRESSION OF CID SENTENCE SCORES 


Standard 
Variable Coefficient Error t p 
Stim-code 10.55 4,36 2.42 .019 
Electrodes 2.05 0.89 2.30 ,026 
Range 0.33 0.15 2.22 .031 
Duration — 0.53 0.26 2.04 .046 


t — Student's t value used to test whether regression coefficient is sig- 
nificantly different from zero, p — probability that ¢ value of magni- 
tude greater than that shown would occur by chance. Other abbrevia- 
tions as in Table 1. 


cochlear stimulation with a different intracochlear 
electrode array. Their threshold measures were not 
correlated with the degree of success of implanta- 
tion as indicated by speech recognition measures, in 
accord with the present study. 


Frequency Discrimination and Gap Detection 
During Promontory Stimulation. In contrast to the 
thresholds, the stim-code measure of discrimination 
of temporal characteristics of waveforms above 
threshold levels during promontory stimulation did 
show a consistent relationship with CID scores. It is 
not known whether the stim-code would be consis- 
tent with similar measures using intracochlear 
stimulation, but it seems likely that this would be 
the case. At least one previous study” has found a 
similar relationship between speech scores and gap 
detection thresholds for cochlear implant patients. 
Given these results, there does seem to be some 
justification for using electrical stimulation of the 
promontory as a prognostic procedure before coch- 
lear implantation. It has also been reported anec- 
dotally that patients find it useful to experience the 
sounds produced by electrical stimulation in form- 
ing a realistic expectation of the outcome. In this 
regard, it has been found very helpful to set up a 
single-electrode speech processor during promon- 
tory stimulation to give the patient a preliminary 
experience of listening to coded speech. 


Postoperative Intracochlear Thresholds. The sig- 
nificant correlations between T-basal, T-middle, 
and T-apical indicate that there was a tendency for 
intracochlear thresholds to be similar along the 
length of the electrode array, ie, a patient with a 
low threshold in the basal region was also likely to 
have low thresholds in the middle and apical re- 
gions of the array. There were some correlations 
with other variables in Table 2, such as duration, 
age, and CID sentence scores. One possible expla- 
nation of these trends may be that there is an under- 
lying degeneration of the auditory neurons during 
deafness that affects both the intracochlear thresh- 
olds and the CID sentence scores. The signs of the 
correlation coefficients indicate that thresholds in- 
crease with longer duration of deafness, and CID 
scores decrease with increasing thresholds. These ef- 
fects are consistent with the suggested explanation. 
This link between thresholds and CID scores is a rel- 
atively weak one compared to the effects that were 
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found in the regression analysis that is discussed 
below. 


Dynamic Range of Intracochlear Stimulation. It 
is somewhat surprising that there was no negative 
correlation between intracochlear thresholds and 
range, since the range is equal to the difference be- 
tween the maximum comfortable level and the 
threshold. (Correlation coefficients for range and 
T-basal, T-middle, and T-apical were — .026, 
— 193, and —.183, with p values of .848, .143, and 
.173, respectively.) This lack of significant correla- 
tion suggests that the absolute thresholds are deter- 
mined mainly by geometric and electrical proper- 
ties of the cochlea and electrode array, while 
dynamic ranges may be affected by independent 
parameters such as neural survival. The dynamic 
range affects the loudness variations between elec- 
trically coded speech sounds. Such loudness varia- 
tions are important in recognizing many supraseg- 
mental and segmental features of speech. A larger 
dynamic range may allow a better representation of 
loudness and thus a better speech recognition score. 
The Viennese study”? found a similar correlation be- 
tween speech recognition results and dynamic 
range, and no significant correlation between 
thresholds and dynamic range. 


Number of Electrodes in Use. The speech coding 
scheme used by the FoF 1F2 speech processor uses the 
full extent of the electrode array to encode the first 
and second formant frequencies. These frequencies 
are well known to provide information useful in the 
recognition of vowels and consonants. The amount 
of frequency information present in the electrical 
stimulus is increased if a larger number of elec- 
trodes is used. The positive correlation between 
CID scores and number of electrodes indicates that 
the patients with more electrodes in use can take ad- 
vantage of this extra information. The minimum 
number of electrodes in use was 9 and the maximum 
was 21. The regression analysis indicates that this 
difference of 12 electrodes may account for a 24% 
difference in CID score — a difference that would 
be of marked benefit to the patient. 


The significant negative correlations between in- 
tracochlear thresholds and number of electrodes 
may be due to the effect that the geometric and 
electrical properties of the cochlea have on these 
variables. One of the most common reasons for a 
decrease in the number of electrodes is bone growth 
in the cochlea restricting the insertion of electrodes. 
A second reason is that uncomfortable sensations 
are often associated with high thresholds on basal 
electrodes. In this case, the electrodes producing the 
uncomfortable sensations would not be used in 
speech coding. 


Depth of Insertion. Depth was correlated with 
CID at a marginal significance level (r= .225, 
p= .081, N=61). This variable may be important 


in several different ways. First, the overall sharp- 
ness or place pitch sensation produced by an elec- 
trode depends on its position in the cochlea. Greater 
depths of insertion lead to lower place pitch sensa- 
tions and more natural speech sounds produced by 
the implant.'® Second, there is some evidence that 
nerve survival tends to be greater in apical regions 
of the cochlea than in basal regions, so deeper inser- 
tion of the electrode array may improve the percep- 
tion of speech. Finally, shorter depths of insertion 
may be related to the shape of the spiral or bony 
growth within the cochlea, which might affect elec- 
trical current distributions during stimulation. 
These different current distributions may affect the 
neural excitation patterns produced during speech 
coding. It is not possible to tell from the present 
study which of these effects is most important. 


Depth was significantly correlated with number 
of electrodes, so the significance of number of elec- 
trodes in the regression analysis may include a con- 
tribution due to depth of insertion. 


Lipreading Ability. The variable CID-lip was not 
significantly correlated with any other variable and 
did not have a significant effect on the regression 
analysis. i 


Age and Duration of Deafness. As discussed 
above, it is possible that an underlying degenerative 
process accounts for the negative correlations of age 
and duration with CID sentence scores and intra- 
cochlear thresholds. A strong negative correlation 
between duration of deafness and spiral ganglion 
cell count has also been found by Nadol et al.'s 


Cause of Deafness. Although the cause of deaf- 
ness has been found to affect the number and distri- 
bution of surviving auditory neurons,‘*”? the only 
group that was different from the rest of the pa- 
tients was the otosclerosis group. In the study of 
Nadol et al,!5 otosclerosis as opposed to other causes 
was found to have a relatively small effect on spiral 
ganglion cell survival. It may be that the impor- 
tance of otosclerosis is related to the electrical prop- 
erties of the bone in the region of the cochlea, af- 
fecting the current distributions produced by the 
electrodes, rather than a direct effect on the neural 
responses. Another possibility is that the marginally 
lower CID scores arose from the higher average age 
of the otosclerotic patients. 


Preoperative Hearing Thresholds. All of the pa- 
tients were very deaf, so the variations in residual 
hearing among the group were not great. Only one 
patient had a three-frequency (at 0.5, 1, and 2 kHz) 
average threshold less than 110 dB hearing thresh- 
old level, and 27 patients had no measurable hear- 
ing at any frequency. The preoperative residual 
hearing level in the implanted ear was not corre- 
lated significantly with any other variable and did 
not contribute significantly to the regression analy- 
sis. 


Blamey et al, Predicting Sentence Scores in Implant Patients 347 


Regression Analysis. The regression analysis in- 
dicates that there are some factors that can be used 
to indicate likely postoperative performance of 
postlinguistically deaf implant candidates on CID 
sentences. The regression equation is 


CID = 10.55(stim-code) + 2.05(electrodes) 
+ 0.33(range) —0.53(duration) — 26.92 


This equation predicts a CID sentence score of 62 % 
for “ideal” candidates who demonstrated good fre- 
quency discrimination and gap detection perfor- 
mance during promontory stimulation, used the full 
set of 20 bipolar-plus-one electrode pairs, had a 
good dynamic range of 50 current levels, and were 
deafened very recently. In contrast, the equation 
predicts a score of —7% (ie, close to zero) for 
“poor” candidates who could not discriminate fre- 
quencies or detect short gaps during promontory 
stimulation, used only 10 electrodes, had a dynamic 
range of 15 current levels, and were deafened 20 
years before implantation. The regression analysis 
predicts average scores rather than a score for an in- 
dividual, and it must be remembered that consider- 
able variability was not accounted for by the regres- 


sion. These predictions should therefore be treated 
cautiously and not be used as a guarantee of success 
for the patient. In particular they should not be ap- 
plied to prelinguistically deafened candidates or to 
young children, who were excluded from the sam- 
ple in this study. 


The data are also dependent on the speech pro- 
cessor and implant system used and are not easily 
generalized to other cochlear implant systems, 
although similar trends might be expected. Im- 
provements in speech processing strategies in the 
near future”? are likely to improve average CID 
sentence scores to levels above those predicted by 
the regression equation. It should also be remem- 
bered that the CID sentence data were collected ap- 
proximately 3 months after the operation, and pa- 
tient performance continues to improve for several 
years postoperatively.”4 


Two of the variables in the regression (electrodes 
and range) are not available preoperatively, al- 
though it may be possible to estimate the number of 
electrodes that can be inserted into the scala tym- 
pani from good-quality radiography. 
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APPENDIX 


APPROXIMATE ADJUSTMENT OF INTRACOCHLEAR THRESHOLD VALUES FOR 
DIFFERENT ELECTRODE CONFIGURATIONS 


At the reviewers’ request, the data used for this adjustment are included here. The different electrode configurations or modes of stim- 
ulation with the 22-electrode Cochlear prosthesis produce different electrical current distributions in the cochlea. Thus, the threshold cur- 
rent levels will be different for different modes. If it is assumed that threshold corresponds to stimulation of a small number of auditory 
nerve fibers close to the maximum of the current distribution, the ratios of the threshold currents for different modes will depend on geo- 
metric factors only and will be approximately the same for different patients. In considering the common ground mode of stimulation, the 
geometric factors are different for different active electrodes, depending on their distances from the ends of the array. Thus, different cur- 
rent ratios will apply to the basal, middle, and apical electrodes. 


Estimates of the adjustments were made by measuring the hearing thresholds with different modes of stimulation for three patients 
(see Table below). The mean adjustments from the table were — 24 levels for bipolar, + 12 levels for bipolar-plus-two, and + 18 levels for 
bipolar-plus-three. To adjust common ground thresholds, the adjustments were + 26 levels for basal, —7 levels for middle, and — 2 levels 
for apical electrodes. The adjustment was added to the measured thresholds to calculate the approximate equivalent threshold in bipolar- 
plus-one mode. Note that a fixed difference on the current level scale corresponds to a fixed ratio of actual current values. In the group 
reported, eight patients used common ground, four used bipolar, six used bipolar-plus-two, and one used bipolar-plus-three stimulation. 

The assumption above is a crude one and is not valid for comfortable levels. It is not recommended that this adjustment be used in set- 
ting patient stimulation levels in different modes. 


THRESHOLD CURRENT LEVEL DIFFERENCES RELATIVE TO BIPOLAR-PLUS-ONE 
STIMULATION FOR THREE PATIENTS 


Basal Electrode Middle Electrode Apical Electrode 
Mode Pt 16 Pt 36 Pt 67 Pt 16 Pt 36 Pt 67 Pt 16 Pt 36 Pt 67 
Common ground ~ 34 —18 =- 11 11 — 2 ~ § 14 — 4 
Bipolar 24 32 — 30 — ~- 26 7 — 
Bipolar-plus-two — 5 — 22 — — 7 -5 — 42 — 12 — 4 —10 
Bipolar-plus-three — 17 —37 -— — 26 -5 — — 16 —10 — 11l 


Patient numbers refer to list of all patients implanted in Melbourne, and have been used in previous publications, Normal stimulation modes were bipo- 
lar-plus-one for patients 18 and 36, and common ground for patient 67. Basal electrodes produced unpleasant sensation for patient 67, and no hearing 
threshold was measurable in bipolar-plus-one mode. Hearing thresholds were not reached in bipolar mode for middle electrodes of patients 36 and 67 or 
apical electrode of patient 67, even at highest level of stimulation. 


THE DEAFNESS RESEARCH FOUNDATION 
1993 RESEARCH GRANTS AVAILABLE 


The Deafness Research Foundation invites applications for 1993 grant support of research projects directed to any aspect of the ear, 
eg, investigation of function, physiology, biochemistry, genetics, anatomy, or pathology. Grant supportis given forone year, in an amount 
that cannot exceed $15,000, but can competitively be renewed for one or two additional years. Applications are reviewed for the scientific 
merit of the proposed investigations and for their direct or potential clinical value. The deadlines for applications for 1993 grant support 
are as follows: first year applications should be postmarked by July 15, 1992, and renewal applications should be postmarked by August 
15, 1992. For information and applications, contact Wesley H. Bradley, MD, Medical Director, The Deafness Research Foundation, 9 
East 38th Street, New York, NY 10016; telephone (212) 684-6556; fax (212) 779-2125. 
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ANGIOGENIC GROWTH FACTORS: THEIR EFFECTS AND 
POTENTIAL IN SOFT TISSUE WOUND HEALING 


DAVID B. Hom, MD 


ROBERT H. MAISEL, MD 


MINNEAPOLIS, MINNESOTA 


Since their discovery 30 years ago, angiogenic growth factors have been demonstrated to stimulate neovascularization in vitro and in 
animal studies. Over the last decade, knowledge gained in the field of angiogenic growth factors has grown immensely. These angiogenic 
growth factors exist in four major families: fibroblast growth factor (FGF), transforming growth factor beta (TGF-@), platelet-derived 
growth factor (PDGF), and epidermal growth factor (EGF). Each has the ability to induce soft tissue vascularization in microgram quan- 
tities. In animal models, FGF, TGF-8, PDGF, and EGF have been shown to enhance soft tissue wound healing. In human clinical trials, 
EGF and a mixture of PDGFs have been demonstrated to accelerate epidermal regeneration in cutaneous wounds. These factors have con- 
siderable therapeutic potential in the areas of soft tissue wound healing and otolaryngology. This article reviews important aspects of 
angiogenic growth factors and discusses their future potential in soft tissue wound healing. 


KEY WORDS — blood vessels, growth substances, wound healing. 


INTRODUCTION 


Angiogenic growth factors are recently discov- 
ered proteins that have the ability to induce vascu- 
larization. In microgram quantities, they can in- 
duce vascular proliferation in soft tissue. There are 
four major families of angiogenic growth factors 
(Table 1): fibroblast growth factor (FGF), trans- 
forming growth factor beta (TGF-§), platelet-de- 
rived growth factor (PDGF), and epidermal growth 
factor (EGF). All members of these families induce 
vascularization in vivo, thus establishing them as 
angiogenic substances. 


Originally, growth factors were named after the 
target cell or source that led to their discovery. To- 
day, however, the given name can be misleading 
because it may not fully describe the activities of the 
factor in question. For example, FGF was initially 
named for its ability to stimulate fibroblast replica- 
tion and mobility; but since its discovery, it has 
been found to be a potent angiogenic protein. Thus, 
each growth factor can have a multitude of actions 
on various target cells. 


Most polypeptide growth factors are able to stim- 
ulate angiogenesis. Because of their ability to in- 
duce vascularization, angiogenic growth factors of- 
fer a promising potential in soft tissue wound heal- 
ing. Table 2, adapted from King et al,’ summarizes 
some of the known effects of these factors on cells 
involved in soft tissue wound healing. 


NATURE OF ANGIOGENIC GROWTH FACTORS 


Angiogenic growth factors are believed to stimu- 
late vascular endothelial cells by either direct or in- 


direct action (see Figure). The direct-acting growth 
factors specifically stimulate migration and mitosis 
of vascular endothelial cells by binding to specific 
membrane surface receptors on endothelial cells.’ 
Once the growth factor has bound to the endothelial 
cell surface receptor, an unknown cascade of intra- 
cellular events occurs that results in cellular replica- 
tion and/or chemotaxis. The indirect-acting growth 
factors have no direct stimulatory effect on vascular 
endothelial cells in vitro, but induce angiogenesis 
by an indirect means in vivo. This mechanism is 
thought to be mediated by macrophages, which in 
turn secrete a direct-acting growth factor.’ 


The action of growth factors can be complex. De- 
pending on the presence of other peptides, a growth 
factor may display either stimulatory or inhibitory 
activities within the same cell. For example, in 
vitro, TGF-@ stimulates the growth of certain fibro- 
blasts in the presence of PDGF, but inhibits their 
growth in the presence of EGF. Also, one growth 


TABLE 1. ANCIOGENIC GROWTH FACTORS 
Families | 
Fibroblast growth factor (FGF) 


Members 


Acidic FGF 
Basic FGF 
TGF-8 1 
TGF-6 2 
TGF-8 3 
Bone morphogenic 
proteins 
Epidermal growth factor (EGF) EGF 
TGF-a 
PDGF AA 
PDGF AB 
PDGF BB 


Transforming growth factor beta (TGF-8) 


Platelet-derived growth factor (PDGF) 
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TABLE 2. ANGIOGENIC GROWTH FACTORS AND THEIR EFFECTS IN SOFT TISSUE HEALING 


Growth Target 
Factor Sources Cells 


FGF Macrophages, 
endothelial cells 


TGF-8 Macrophages, 
platelets 


EGF Macrophages, 
platelets, epithelium 


Epithelial 


PDGF Platelets, endothelial 
cells, macrophages 


Effect 


Endothelial Chemotaxis or replication 

Fibroblast Chemotaxis or replication, collagenase production 

Endothelial Stimulates or inhibits replication 

Fibroblast | Chemotaxis, collagen synthesis, collagenase production, stimulates or inhibits replication 
Endothelial Chemotaxis or replication 

Fibroblast Chemotaxis or replication, collagenase production, epithelial chemotaxis or replication 
Chemotaxis or replication 

Endothelial Probable angiogenic role 

Fibroblast Chemotaxis or replication, collagen synthesis, collagenase production 


Adapted from King et al.’ Descriptions in this Table are examples, and not totally exclusive. 
FGF —— fibroblast growth factor, TGF-8 -—— transforming growth factor beta, EGF — epidermal growth factor, PDGF — platelet-derived growth factor. 


factor can alter the binding affinity of another 
growth factor receptor. For example, PDGF can 
decrease the affinity of the FGF receptor for basic 
FGF. Thus, specific growth factors are not neces- 
sarily limited to a single physiologic action, but may 
instead comprise the characters of a complex cellu- 
lar signal equivalent to a code.‘ 


Over the last decade, extensive progress has been 
made in defining angiogenic growth factors in sev- 
eral areas: identifying and isolating the polypep- 
tides, analyzing their protein structure, sequencing 
their genes, and characterizing their receptors on 
cell membranes. Although the in vitro effects of an- 
giogenic growth factors are well explored, consider- 
ably less is known about the actions of these factors 
in vivo because of the difficulty of quantitating the 
repair process in vivo and the inability to control 
the concentration of the growth factors at the exper- 
imental sites. For example, in assessing the healing 
of linear incisions, it is difficult to distinguish new 
tissue from preexisting tissue. Currently, intense in- 
vestigations are being conducted by many academic 
and commercial research centers to explore the ef- 
fects of angiogenic growth factors in soft tissue 
wound healing. 


FIBROBLAST GROWTH FACTOR 


_ Fibroblast growth factor exists in two closely re- 

lated forms: basic FGF and acidic FGF. Because of 
their widespread distribution and wide range of ac- 
tions, both basic and acidic FGFs have many syno- 
nyms (cartilage-derived growth factor, retina-de- 
rived growth factor, heparin-binding growth fac- 
tor, or endothelial cell growth factor). Basic FGF is 
a protein with a molecular weight of approximately 
15,000. It is found in brain, pituitary, retina, cor- 
pus luteum, kidney, placenta, adrenals, macro- 
phages, and prostate. Acidic FGF is a polypeptide 
with a molecular weight of 15,900, and is found in 
brain and retina.‘ 


Both basic and acidic FGFs bind to similar cell 
surface membrane receptors in a dose-dependent, 


saturable fashion. Both have identical biologic ef- 
fects, but in the absence of heparin, acidic FGF is 
30 to 100 times less potent than basic FGF. Heparin 
is believed to increase the potency of acidic FGF by 
increasing its ability to bind to its receptor and pro- 
tect it from acid deactivation. In the presence of 
heparin, acidic and basic FGFs are equally potent 
and capable of stimulating endothelial cell prolifer- 
ation and mobilization in vitro at quantities of 1 to 
10 ng.° 


Fibroblast growth factor can also induce replication 
in many mesenchymal cells, including fibroblasts, 
chondrocytes, smooth muscle cells, osteoblasts, neu- 
ral ectodermal cells, and skeletal myoblasts. In most 
cases, these cells are not only stimulated to prolifer- 
ate, but also show enhanced differentiation in cell 
culture.’ Even though FGF is found in almost all 
normal tissue, endothelial cell proliferation at these 
sites is very low.’ Presently, it is unknown how these 
potent angiogenic growth factors are controlled in 
the functionally inactive state. 


Studies in Animal Models, Fibroblast growth fac- 
tor is a potent stimulator of angiogenesis in vivo. In 
nanogram amounts, the administration of exoge- 
nous basic FGF induced rapid neovascularization 
in the rabbit cornea and on the chick yolk sac.’ 
When basic FGF was placed into subcutaneous 
sponges in rats, a highly vascularized granulation 
tissue formed within the sponge.* By injection of 
basic FGF into wound incisions in rats, tensile 
strength increased, even when injections were made 
3 days after wounding.® 


Flap research indicates that FGF has the poten- 
tial to increase skin flap viability by accelerating 
flap revascularization. Endothelial cell growth sup- 
plement and endothelial cell growth factor (precur- 
sors in the FGF family) were placed in Gelfoam and 
applied to the underside of vascular-compromised 
skin flaps in rabbits; results suggested that this use 
of FGF may expedite the neovascularization process 
in skin flaps when administered in a sustained-re- 
lease manner.” Fibroblast growth factor has also 


NA 


AN 


Hom & Maisel, Growth Factors in Soft Tissue Healing 351 


Direct (acidic FGF, 
basic FGF, 
EGF) 


Indirect (eFr-s, 
PDGF) 


Macrophage 


basic FGF 


Endothelial 
Cell 


Angiogenesis 
Mechanisms of angiogenesis by growth factors. 


been tested in animal models of impaired healing. 
In diabetic-induced rats given streptozocin, basic 
FGF increased the cellularity of granulation tissue 
within subcutaneous sponges.'° Thus, FGF may be- 
come promising to enhance soft tissue healing in im- 
paired healing states. 


TRANSFORMING GROWTH FACTOR BETA 


Transforming growth factor beta is a protein con- 
sisting of two identical polypeptide chains. It is 
found in kidney, placenta, blood platelets, and tu- 
mors, and has a molecular weight of 25,000. The 
TGF-8 receptors are very specific, high-affinity 
receptors that are present on almost all cells. In 
platelets, TGF-@ is present in large quantities rela- 
tive to its presence in other cells, suggesting its role 
in wound healing, vessel wall maintenance, and 
thrombogenesis.°® 


The paradoxical action of TGF-@ is that it inhib- 
its vascular cell proliferation in vitro but stimulates 
angiogenesis in vivo. Thus, it is thought to have a 
functional role in regulating cell growth and angio- 
genesis. In the wound healing process, TGF-8 may 
activate macrophages to release angiogenic growth 
factors (such as basic FGF). As these macrophage 
products decrease, TGF-68 may then suppress fur- 
ther endothelial cell proliferation and coordinate 
vascularization for successful wound repair. 


Transforming growth factor beta may stimulate 
or inhibit cell growth, depending on the cell type 
and culture conditions. In connective tissue, TGF-8 
stimulates the formation of collagen, glycosamino- 
glycans, and fibronectin." In vitro, TGF-6 can con- 
trol the effects of other peptide growth factors (ba- 
sic FGF, PDGF, TGF-a, and EGF), in either a pos- 
itive or negative manner." 


Studies in Animal Models. In vivo studies of 
TGF-8 have yielded promising results. When ap- 
plied to linear incisions, TGF-8 accelerated the in- 
cisional breaking strength in rats 3 days ahead of 
controls. At TGF-@ injection sites, marked increases 
of collagen, mononuclear cells, and fibroblasts were 
observed.'* When topically applied to porcine skin 


wounds, TGF-@ increased angiogenesis, connective 
tissue volume, and collagen content. However, 
TGF-8 also enhanced inflammation and caused ab- 
normal epithelial differentiation (dyskeratosis) .**° 


In the impaired healing model, TGF-8 was the 
most effective growth factor tested among EGF and 
PDGF in increasing collagen content in Adriamy- 
cin-treated rats. The combination of EGF, PDGF, 
and TGF-6 led to an almost complete reversal of 
Adriamycin inhibition in the impaired wound heal- 
ing model.'* In diabetic-induced rats given strepto- 
zocin, TGF-8 in implanted sponges increased colla- 
gen deposition, but did not affect incision tensile 
strength. In steroid-stressed animals, TGF-6 ap- 
plied to incisional wounds accelerated wound 
breaking strength." Hence, TGF-8 has become one 
of the more promising factors to increase collagen 
formation in delayed healing models. 


EPIDERMAL GROWTH FACTOR 


Initially described by Cohen in 1962,’* EGF was 
found to stimulate precocious eyelid opening and 
tooth eruption in newborn mice. Epidermal growth 
factor was first purified from mouse submaxillary 
glands and later from human urine as urogastrone. 
The EGF polypeptide has been produced by recom- 
binant DNA techniques. It is a single polypeptide 
chain with a molecular weight of 6,000. 


Epidermal growth factor receptors are present on 
all cell membranes except for cells from the hemato- 
poietic system. Thus, EGF has a wide range of ac- 
tions, suggesting its large variety of functions in 
vivo. The actions of EGF are not species-specific, 
since epidermal and fibroblast cells from humans 
respond to mouse-derived EGF." For EGF to elicit 
its effect, the target cell must be exposed to EGF for 
at least 5 hours.” Thus, repetitive or sustained ad- 
ministration of EGF is necessary to maximize its ac- 
tions. In contrast, basic FGF, PDGF, and TGF-£ re- 
quire only a single dose to induce their effects, 5142! 


Studies in Animal Models. Having noted the ten- 
dency of animals to lick open wounds and realizing 
that EGF levels are high in saliva, investigators ex- 
amined the effects of EGF on open wounds in 1979.7 
By removing mouse submandibular glands, which 
synthesize and secrete high levels of EGF, a reduced 
rate of spontaneous closure in full-thickness wounds 
occurred. Either repeated topical application of 
mouse EGF or communal licking of the wounds 
promoted wound closure.” 


In porcine partial-thickness wounds, EGF ap- 
plied topically significantly accelerated epitheliali- 
zation. It also produced a marked increase in cellu- 
larity and thickness in the neodermis. The forma- 
tion of granulation tissue thickness appeared dose- 
dependent.” In granulation tissue models of wound 
repair, sustained-release EGF increased neovascu- 
larization and the accumulation of collagen.’ Inci- 
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sional wounds treated with EGF have also been 
shown to increase tensile strength.” In the impaired 
healing model, EGF prevented steroid inhibition of 
granulation tissue in rat wound chambers.?’ Since 
EGF was the first angiogenic growth factor discov- 
ered, it is one of the most extensively studied and 
tested growth factors in animal models. 


PLATELET-DERIVED GROWTH FACTOR 


Platelet-derived growth factor is a basic polypep- 
tide with a molecular weight of 30,000. It comprises 
two different peptide chains. This growth factor is 
stored in the alpha granules of blood platelets and is 
released at wound sites during the clotting process.® 
Infiltrating macrophages can also synthesize PDGF. 
The PDGF receptor is present on fibroblasts, glial 
cells, and vascular smooth muscle cells. The receptor 
specifically binds to PDGF and to no other growth 
factor. 


Platelet-derived growth factor has a number of 
biologic effects. It is a potent mitogen for cells of 
mesenchymal origin, such as fibroblasts and smooth 
muscle cells. Platelet-derived growth factor is 
thought to induce angiogenesis in vivo by activating 
macrophages to synthesize basic FGF or TGF-8, 
which, ultimately, can replicate endothelial cells.” 
Thus, it has been generally believed that PDGF has 
no direct action on endothelial cells in vitro. How- 
ever, recent data suggest there may be PDGF recep- 
tors on some vascular endothelial cells.” In its ac- 
tions, PDGF has been found to act synergistically 
with other growth factors. +6 


Studies in Animal Models. In experimental animal 
wounds, locally applied PDGF accelerated recruit- 
ment of macrophages and caused them to increase 
synthesis of the macrophage-derived growth factors 
(bFGF and TGF-8).7® When PDGF was applied to 
incisional wounds, it accelerated the rate of wound 
healing by increasing wound breaking strength.” 
By enhancing fibroblast recruitment and activa- 
tion, PDGF also increased granulation tissue forma- 
tion and extracellular matrix. Macrophages were 
shown to mediate the effect of PDGF by demon- 
strating that rat skin incisions lacking macrophages 
had no difference in wound breaking strength be- 
tween PDGF-treated and control incisions.”' In dia- 
betic rats, PDGF and insulin stimulated a more 
rapid increase in collagen deposition than PDGF 
alone.” Thus, various forms of defective healing 
may require a number of growth factors and cofac- 
tors for optimal healing. 


HUMAN CLINICAL TRIALS WITH 
ANGIOGENIC GROWTH FACTORS 


In human clinical trials, EGF has received the 
most attention among the purified angiogenic 
growth factors studied. Currently, EGF is being 
tested in humans to help repair cornea defects, treat 
nonhealing epidermal ulcers, and accelerate the 


healing of skin graft donor sites.?* 


In one clinical study of 12 patients who had paired 
skin graft donor defects, one site was treated with 
EGF (10 pg/mL) in combination with silver sulfadi- 
azine, while the opposite site was treated with silver 
sulfadiazine alone. The results demonstrated that 
the EGF-treated sites had a 15% to 30% decrease in 
healing time due to accelerated epidermal regenera- 
tion. Histologic evaluation by punch biopsies further 
confirmed these results. One year after EGF thera- 
py, biopsy specimens of these patients had no evi- 

ence of metaplasia or of hypertrophic changes.*? 
In the commercial realm, EGF is actively being de- 
veloped to assist healing in skin and burn wounds, 
corneal surface abrasions, and gastric ulcers. 


In another clinical study, a mixture of platelet 
products was tested in 32 patients who had chronic 
cutaneous ulcers secondary to diabetes or chronic 
venous stasis. A mixture of the patient’s own plate- 
lets containing five compounds (PDGF, TGF-8, 
platelet-derived epidermal factor, platelet factor 4, 
and platelet-derived angiogenesis factor) was ap- 
plied to chronic skin ulcers. It was found that 81% 
of the treated patients and 15% of the control pa- 
tients had epithelialization by 8 weeks. After cross- 
over treatment with the platelet mixture, all of the 
patients had epithelialization.*? Recently, human 
clinical trials using recombinant basic FGF have 
been started to investigate its effects on chronic cu- 
taneous ulcers.” 


A clinical concern in use of potent angiogenic 
growth factors is the possibility of permanently in- 
ducing abnormal cell transformation. In animals, 
histologic studies have demonstrated hyperplasia in 
regenerating tissue treated with EGF. However, 
when the EGF treatment ceased, the cellular archi- 
tecture returned to normal.*? 


FUTURE POTENTIAL IN SOFT TISSUE 
WOUND HEALING 


With cloning of polypeptide growth factors, 
large-scale testing of these proteins has now become 
possible. Since most of their half-lives are several 
hours or less, a sustained-release delivery system 
would be optimal in order to prolong their exposure 
to wounds and hence maximize their effect. Car- 
riers and formulations are being investigated in the 
form of gels, lotions, and bandages for topical ap- 
plication. Slow-release formulations of EGF in mul- 
tilamellar liposomes or collagen gels have shown 
promising results in enhancing tensile strength and 
wound reepithelialization.* 


Some investigators have suggested that patients 
with diseases such as diabetes may have suboptimal 
concentrations of growth factors at the wound site. 
This conjecture was made from the observation that 
adding growth factors to wound chamber models 
restored the wound repair capacity in diabetic 
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rats.” Thus, the use of angiogenic growth factors 
may improve soft tissue wound healing in patients 
with conditions that impair healing, such as 
diabetes and steroid dependency. 


In the realm of skin flap and skin graft survival, 
in which the rate of revascularization is crucial, an- 
giogenic growth factors delivered in sustained-re- 
lease forms are promising.’ Future goals for the use 
of these factors would be to improve the revascular- 
ization of skin flaps and grafts in areas of delayed 
neovascularization, as in irradiated regions. 


In their future therapeutic applications, the ad- 
ministration of growth factors in combination may 
be more effective than the use of a single agent 
alone. This was suggested by the demonstration that 
the combination of PDGF and TGF-8 stimulated 
higher collagen deposition than TGF-8 alone in 
Adriamycin-treated rats. '* 


Regarding hypertrophic scarring and keloid for- 
mation, one can postulate that these phenomena 
are caused by an excessive presence or activity of 
growth factors. A relationship between excessive 
TGF-@ production and increased target cell sensi- 


tivity may be evident in keloid formation.” 


The use of antagonists against specific angiogenic 
growth factors is a possible means by which one 
could modify hypertrophic scarring, keloid forma- 
tion, or hemangioma growth. This could be achieved 
by using specific monoclonal antibodies against 
growth factors or against the growth factor recep- 
tors. Antagonism might also be achieved by admin- 
istering pharmacologic agents to modify the expres- 
sion of peptide growth factors. 


The role of angiogenic polypeptides is probably 
much more complex than the mere stimulation of 
target cells. Temporal and local control of wound 
healing may involve regulating growth factor re- 
lease from several different cells (macrophages, 
platelets, and endothelial cells), as well as directing 
the interaction of growth factors among themselves. 


The therapeutic applications of angiogenic growth 
factors in soft tissue wound healing are beginning to 
emerge. A major challenge in this new biochemical 
frontier is to determine the optimal methods and 
timing for delivering these angiogenic growth fac- 
tors in biologically active forms. 
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The Third International Symposium on Meniere's Disease will be held October 20-23, 1993, in Rome, Italy. For information, contact 
Kugler Publications by, Congress Department, PO Box 1498, New York, NY 10009-9998; telephone (212) 477-1970; fax (212) 477- 
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THE DEAFNESS RESEARCH FOUNDATION 
OTOLOGICAL RESEARCH FELLOWSHIP FOR THIRD YEAR MEDICAL STUDENTS 


The Deafness Research Foundation's Otological Research Fellowship will be sponsored by a department of otolaryngology 
conducting otological research. Where a unique opportunity exists in a related discipline, the fellowship may be conducted in that 
discipline while maintaining liaison with the department of otolaryngology. The fellowship would be scheduled as a one-year block of 
time at the end of the third year of medical school, thus requiring a one-year leave of absence from the medical school curriculum. The 
fellowship would be funded in the amount of $10,000, plus up to $3,500 for animals and consumable supplies. For applications and 
additional information, contact Wesley H. Bradley, MD, Medical Director, The Deafness Research Foundation, 9 East 38th Street, New 
York, NY 10016; telephone (212) 684-6556; fax (212) 779-2125. 
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MEMBRANOUS CYTOPLASMIC BODIES IN THE LATERAL WALL 
OF THE CAT COCHLEA 


KENSUKE WATANABE, MD ATSUSHI KOMATSUZAKI, MD 
SAITAMA, JAPAN TOKYO, JAPAN 


Membranous cytoplasmic bodies (MCBs) were observed both in the intermediate cells of the stria vascularis and in the fibrocytes of 
the spiral ligament in normal cats. The MCBs in the intermediate cells were round or ovoid, ranged from 1 to 5 pm in diameter, and con- 
sisted of 2 to 40 or more layers disposed concentrically about a core. The core was composed of not only cytoplasm but also of mitochondria 
in various stages of disintegration, empty vacuoles, and many kinds of dense bodies similar to lysosomes. The MCBs in the fibrocytes were 
similar to those in the intermediate cells, but they were a little smaller in diameter and consisted of fewer than 10 layers. Both in the inter- 
mediate cells and in the fibrocytes, MCBs seem to have a phagocytic function. 


KEY WORDS — fibrocyte, intermediate cell, membranous cytoplasmic body, spiral ligament, stria vascularis. 


INTRODUCTION scribe the ultrastructural features of MCBs in the 
lateral wall of the cochlea and discuss the presumed 


The stria vascularis is presumed to be an impor- 
functions of the intermediate cells and fibrocytes. 


tant epithelium involved in the production of en- 
dolymph! and in generation of the endocochlear po- 
tential.” It is classically described as a three-cell-lay- 
ered tissue consisting of marginal, intermediate, 
and basal cells.* Of the three principal cell types, 
only intermediate cells have ramifying dendritic 
processes that come into contact with the strial cap- 
illaries. 


In the course of an ultrastructural study of the 
lateral wall of the normal cat cochlea, membranous 
cytoplasmic bodies (MCBs) were observed in the in- 
termediate cells and in the fibrocytes of the spiral 
ligament. These MCBs have been seen in tissues in 
both normal and diseased conditions. In normal tis- 
sue, MCBs have been found in dendrites of neurons 
in the cerebral cortex,* in cells of the pineal? and 
parathyroid glands,® and in spermatocytes’ and oo- 
cytes.® In diseased tissue, MCBs have been described 
in the liver affected with systemic lupus erythema- 
tosus’ and hepatoma,’® the cerebral cortex of Alz- 
heimer’s disease" and infantile amaurotic idiocy,” 
and the white matter of metachromatic leukodys- 
trophy.’ These structures have been found in tis- 
sues with a variety of experimentally induced 
pathologic conditions, including hepatic cells after 
the administration of drugs, '*"'” and in nerve cells of 
the central nervous system after chronic hypoxia. +% 
Hinojosa and Rodriguez-Echandia®° described 
MCBs in the processes of the intermediate cells of 
the cat and termed them “concentric cisternae of 
smooth endoplasmic reticulum.” However, they did 
not describe or discuss them in detail. 





There is an increasing awareness of the role of the 


intermediate cells in the stria vascularis and the Fig 1. Membranous cytoplasmic oie E a 
Gbrocrtés in the spiral licamenti t del observed in processes of intermediate cells (I), which were 
1 y pirai ligament in water and elec- surrounded by marginal cells (M). B — basal cell, bar — 
trolyte transport.” In the present report we de- 1 um. 
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PPRT E = 
MATERIALS AND METHODS 


Five cats weighing 3 to 3.5 kg were anesthetized 
with an intraperitoneal injection of pentobarbital 
(50 mg/kg). They were painlessly killed by perfu- 
sion through the left ventricle with 2% glutaralde- 
hyde buffered with a 0.1 mol/L cacodylate for 1 
hour. Microdissection was performed to separate 
the lateral wall of the cochlea from the second turn 
of the cochlea. These samples were further fixed for 
l hour with 2% glutaraldehyde and then washed 
three times with 0.1 mol/L cacodylate buffer (con- 
taining 8% sucrose, pH 7.2). They were then post- 
fixed in 1% osmium tetroxide buffered with 0.1 
mol/L cacodylate and embedded in Epon 812. Ul- 
trathin sections were cut on a Porter Blum type II 
ultramicrotome and examined by transmission elec- 
tron microscopy. 


RESULTS 


Stria Vascularis. At low magnification, the three 
strial cell types were distinguished: marginal, in- 
termediate, and basal (Fig 1). Some MCBs were ob- 
served in all five cats and generally were observed 
in the peripheral portions and processes of the in- 
termediate cells (Fig 1, arrowheads), which were 
surrounded by the processes of the marginal cells. 
In some cases the processes of the intermediate cells 
in which MCBs were contained protruded into the 
bodies of the basal cells. The MCBs were round or 
ovoid and ranged from 1 to 5 um in diameter. The 
bodies consisted of 2 to 40 or more layers of mem- 
branes disposed concentrically about a core. The 
structures revealed no evidence of a delimiting 
membrane separating the MCBs from the adjacent 
cytoplasm (Figs 2 and 3A,B). The lamellae con- 
sisted of double-layered membranes, each possess- 





Fig 2. Bars — 1 ym. A} Lamellae 
consist of double-layered mem- 
branes without ribosomes. B) Lay- 
ers of membrane are loosely dis- 
posed. Ribosomes are attached to 
membrane at sporadic intervals. 


ing a regular width of 20 nm (Fig 2A). 


The composition of the core varied with the 
MCB. For example, cores were formed by one or 
more mitochondria in different stages of disintegra- 
tion (Fig 3A,B), empty vacuoles (Fig 3A), many 
dense bodies similar to lysosomes (Fig 3B), and sev- 
eral other organelles. These organelles occasionally 
appeared between the sheets of membranes (Fig 
3B). Some MCBs had lost most of their lamellar 
configuration and appeared either granular or as 
dense masses of amorphous material (Fig 3A). In a 
few cases, MCBs were observed in the body of the 
intermediate cells (Fig 3C). Although the character- 
istics of MCBs near the nucleus were almost the 
same as those within the processes of the interme- 
diate cells, the membranes were arranged more 
loosely at the MCBs’ periphery (Fig 3C, inset). 


Although particles were occasionally observed at- 
tached to the membranes (Fig 2B) and peripheral 
cisternae occasionally exhibited short strips of at- 
tached particles (Fig 3C, inset), these lamellar for- 
mations were generally smooth-surfaced. 


Spiral Ligament. Some MCBs were also observed 
in the fibrocytes that were in the spiral ligament 
(Fig 4). The MCBs in the fibrocytes were generally 
smaller than those in the intermediate cells (Fig 4). 
They ranged from 1 to 2.5 um in diameter. The 
bodies consisted of fewer than 10 layers of cisternae. 
The core was almost the same as in the intermediate 
cells. 


DISCUSSION 


Biochemical analysis of the endolymph reveals 
that it contains an unusually high concentration of 
potassium and a low concentration of sodium.??? 
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Fig 3. Bars — 1 am. A) Most of la- 
mellar configuration is lost and 
membranous cytoplasmic body ap- 
pears as dense mass of amorphous 
material, Many mitochondria are 
observed between this dense mass 
and outermost layer. Empty vacu- 
oles are observed in core. B) Degen- 
erating mitochondra (M) are ob- 
served in core. Dense bodies (D) sim- 
ilar to lysosomes are also observed in 
core and between membranes. C) 
Membranous cytoplasmic bodies are 
infrequently observed in body of in- 
termediate cell. Inset) Higher mag- 
nification of body in C. Membranes 
are arranged more loosely at periph- 
ery, where ribosomes are attached to 
membrane (arrowhead). 


The concentration of cations of the endolymph is 
actively regulated by some of the epithelial struc- 
tures lining the cochlear duct.** Hinojosa and 
Rodriguez-Echandia” suggested that by its location 
and fine structural differentiation, the marginal cell 
of the stria vascularis is best adapted to accomplish 
this function. However, carbonic anhydrase, which 
is thought to play an important role in homeostatic 
mechanisms in the endolymph, is localized not only 
on the membranes of the marginal cells but also in 
the cytoplasm of the intermediate cells, especially in 





their processes.” Therefore, the intermediate cells 
are presumed to take an active part in both fluid 
and electrolyte transport in addition to the margi- 
nal cells. 


It is also interesting that carbonic anhydrase is 
observed in the fibrocytes of the spiral ligament. 
This finding suggests that the fibrocytes also have 
an ion transport function.’ Kimura and Schu- 
knecht*® also reported the similarity between hu- 
man intermediate cells and fibrocytes in that 
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Fig 4. Membranous cytoplasmic bodies are observed both 
in intermediate cell (A) and in fibrocyte (B). 


smooth endoplasmic reticula are found in both cell 
types. They suggested that both cells were secre- 
tory. In the present study, MCBs were also observed 
both in the intermediate cells and in the fibrocytes. 
It is possible that the functions of both cell types are 
similar. 


thet teers en ar 


Lamellar formations similar to MCBs have been 
described by many investigators. However, rela- 
tionships of the membranous bodies to the rough- or 
smooth-surfaced elements of the endoplasmic retic- 
ulum are not constant. In many instances, the la- 
mellar formations have been linked with the rough- 
surfaced cisternae,'*'* but in others they have been 
connected with the smooth-surfaced profiles.” The 
membrane-associated particles are thought to be 
ribosomes,’ 


In the present study, MCBs generally consisted of 
smooth-surfaced membranes, but in a few MCBs, 
rough-surfaced membranes were observed (Fig 2B). 
Moreover, while the lamellar formations were gen- 
erally smooth-surfaced, the peripheral cisternae of 
MCBs occasionally exhibited short strips of attached 
ribosomes (Fig 3C). 


The functional significance of MCBs may be one 
or more of the following. They may signify degener- 
ative alterations of the endoplasmic reticulum. In 
studies of hypoxic nerve cells of the central nervous 
system” and in liver cells after exposure to toxic 
agents,'’ this interpretation has been favored. They 
may represent generative or regenerative forma- 
tions of endoplasmic reticulum.® '* They may repre- 
sent autophagic vacuoles because of the occurrence 
of altered mitochondria and lipid bodies within the 
core of MCBs.'* Herdson et al'* have suggested the 
possibility that MCBs might be concerned with de- 
toxification. Fawcett and Wilson’ have also dem- 
onstrated viruslike particles within the core of 
MCBs from tissue cultures on mammary carcino- 
mas. 


In the present study, MCBs contained mitochon- 
dria in different stages of disintegration and many 
kinds of dense bodies and empty vacuoles in the 
core. Therefore, it seems more reasonable to relate 
the MCBs of the cat intermediate cells to phagocy- 
tosis rather than to degenerative alterations or re- 
generative formation. It was reported that the 
dense vacuoles of the intermediate cells contain 
iron, which can be sequestered from dying erythro- 
cytes in mice?’ and autophagocytosed melanin in 
chinchillas.” These reports have also demonstrated 
the phagocytotic activity of the intermediate cells. 


It is possible that the intermediate cells have 
phagocytic functions in addition to fluid and elec- 
trolyte transport and that the fibrocytes also have 
the same functions. The MCBs seem to be a special 
formation showing phagocytosis only in the cat. 


REFERENCES 


1, Johnstone BM, Sellick PM. The peripheral auditory appa- 
ratus. QO Rev Biophys 1972;5:1-57. 


2. Tasaki I, Spyrepoulos CS. Stria vascularis as source of en- 
docochlear potential. ] Neurophysiol 1959;22:149-55. 


3. Smith CA. Structure of the stria vascularis and the spiral 


prominence. Ann Otol Rhinol Laryngol 1957:66:521-36. 


4. Vaughan DW. Membranous bodies in the cerebral cortex 
of aging rats: an electron microscope study. ] Neuropathol Exp 
Neurol 1976:35:152-66. 


5. Bucana CD, Nadakavukaren MJ, Frehn JL. Ultrastruc- 





AEN 


Watanabe & Komatsuzaki, Membranous Bodies in Cat Cochlea 359 


tural features of the pineal gland from cold-exposed golden ham- 
sters. J Neurocytol 1973;2:237-47. 


6. Trier SJ. The fine structure of the parathyroid gland. J Bio- 
phys Biochem Cytol 1958;4:13-22. 


7. Ruthmann A. Basophilic lamellar systems in the crayfish 
spermatocyte. J Biophys Biochem Cytol 1958;4:267-74. 


8. Rebhun LI. Some electron microscope observations on 
membranous basophilic elements of invertebrate eggs. J Ultra- 
struct Res 1961;5:208-25. 


9. Shapiro SH, Wessely Z, Lipper S. Concentric membranous 
bodies in hepatocytes from a patient with systemic lupus erythe- 
matosus. Ultrastruct Pathol 1985;8:241-7. 


10. Fawcett DW, Wilson JW. A note on the occurrence of vi- 
rus-like particles in the spontaneous hepatomas of C3H mice. J 
Natl Cancer Inst 1955;15:1505-11. 


11. Kidd M. Alzheimer’s disease — an electron microscopical 
study. Brain 1964;87:307-20. 


12. Gonatas NK, Baird HW, Evangelista I. The fine structure 
of neocortical synapses in infantile amaurotic idiocy. J Neuro- 
pathol Exp Neurol 1967;26:179-99. 


13. Peng L, Suzuki K. Ultrastructural study of neurons in meta- 
chromatic leukodystrophy. Clin Neuropathol 1987;6:224-30. 


14. Herdson PB, Garvin PJ, Jennings RB. Reversible biological 
and fine structural changes produced in rat liver by a thiohydan- 
toin compound. Lab Invest 1964;13:1014-31. 


15. Steiner JW, Baglio CM. Electron microscopy of the cyto- 
plasm of parenchymal liver cells in a-naphthylisothiocyanate-in- 
duced cirrhosis. Lab Invest 1963;12:765-90. 


16. Stenger RJ. Concentric lamellar formations in hepatic pa- 
renchymal cells of carbon tetrachloride-treated rats. J Ultrastruct 
Res 1966;14:240-53. 


17. Emmelot P, Benedetti EL. Changes in the fine structure of 


rat liver cells brought about by dimethylnitrosamine. J Biophys 
Biochem Cytol 1960;7:393-6. 


18. Yu MC, Bakay L, Lee JC. Ultrastructure of the central 
nervous system after prolonged hypoxia. Acta Neuropathol (Berl) 
1972;22;222-34, 


19. Yu MC, Bakay L, Lee JC. Effects of hypoxia and hyper- 
capnic hypoxia on the ultrastructure of central nervous synapses. 
Exp Neurol 1973;40:114-25. 


20. Hinojosa R, Rodriguez-Echandia EL. The fine structure of 
the stria vascularis of the cat inner ear. Am J Anat 1966;118:631- 
64. 


21. Watanabe K, Ogawa A. Carbonic anhydrase activity in 
stria vascularis and dark cells in vestibular labyrinth. Ann Otol 
Rhinol Laryngol 1984;93:262-6. 


22. Citron LD, Eley D, Hallpike CS. Formation, circulation 
and chemical properties of the labyrinthine fluids. Br Med Bull 
1956;12:101-4. 


23, Smith CA, Lowry OH, Wu M-L. The electrolytes of the 
labyrinthine fluids. Laryngoscope 1954;64:141-53. 


24. Davis H. Biophysics and physiology of the inner ear. Phys- 
iol Rev 1957;37:1-49. 


25. Kimura RS, Schuknecht HF., The ultrastructure of the hu- 
man stria vascularis. Part II. Acta Otolaryngol (Stockh) 1970;70: 
301-18. 


26. Steiner JW, Miyai K, Phillips MJ. Electron microscopy of 
membrane-particle arrays in liver cells of ethionine-intoxicated 
rats. Am J Pathol 1964;44:169-90, 


27. Santos-Sacchi J, Marovitz WF. A ferritin-containing cell 
type in the stria vascularis of the mouse inner ear. Acta Otolaryn- 
gol (Stockh) 1985;100:26-32. 


28. Wright CG, Lee DH. Pigment cells of the stria vascularis 
and spiral ligament of the chinchilla. Acta Otolaryngol (Stockh) 
1989;108:190-200. 


Ann Otol Rhinol Laryngol 101:1992 


IMAGING CASE STUDY OF THE MONTH 
VAGAL SCHWANNOMA 


ROBERT J. SCHMALL, MD 


KENNETH D. DOLAN, MD 


Iowa CITY, IOWA 


INTRODUCTION 


Many lesions can produce vagal neuropathy, and 
all can present similar clinical symptoms. Hoarse- 
ness is one of the common presentations suggesting 
vagal neuropathy. Among the causes of vagal neu- 
ropathy, a neuroma or a schwannoma of the vagal 
nerve can cause symptoms attributed to neuropathy 
of cranial nerves IX, XI, and XII, as well as cranial 
nerve X. If a vagal neuroma or schwannoma is large 
enough and it is in a vulnerable location, such as the 
jugular foramen, it can affect the surrounding 
nerves by compressing them. The compressive ef- 
fects can produce significant clinical disease, de- 
pending on the severity and duration of compres- 
sion. 


Magnetic resonance imaging (MRI) and com- 
puted tomography (CT) are useful in both the de- 
tection of cranial nerve disease and the suggestion of 
a likely diagnosis. The use of MRI and CT in evalu- 
ation of a patient with clinical signs suggestive of 
multiple cranial nerve disease is discussed. 


CLINICAL FINDINGS 


A 68-year-old man first presented with recent on- 
set of left-sided tongue weakness of undetermined 
cause. One year later he returned with a new onset 
of hoarseness that had stabilized over the preceding 
months. An initial otolaryngology examination showed 
left vocal cord paresis without associated palatal or 
pharyngeal weakness. The patient’s hoarseness wors- 
ened and he developed increased left vocal cord pa- 
resis as shown in a subsequent clinical examination. 
The examination also showed a progressive left- 
sided tongue atrophy associated with the original 
weakness, left suprascapular atrophy, a decreased 
gag reflex on the left, and no soft palate elevation 
on the left. There were no other clinical findings 
that could be attributed to cranial nerves. The pa- 
tient underwent both MRI and CT study and even- 
tual excision of the lesion felt to be causing the clini- 
cal symptoms. l 


RADIOGRAPHIC FINDINGS 


Tongue atrophy is reflected in the CT examina- 
tion by low density produced by fatty infiltration of 


the muscles involved (Fig 1A). A low-density mass 
was present in the region of the left skull base just 
below the jugular foramen. The mass was located 
between the carotid artery and the jugular vein and 
seemed to displace and separate both vessels (Fig 
1B). A CT view through the left jugular bulb re- 
vealed a lucent mass filling the bulb. The jugular 
vein was not visible (Fig 1C). 


Magnetic resonance imaging studies of the lesion 
were also performed. A T1 view through the jugular 
bulb area demonstrated a low-signal mass filling the 
area of the bulb (Fig 2A). After gadolinium enhance- 
ment, the mass had bright signal on the T1 exami- 
nation (Fig 2B). Bright signal characterized the mass 
on T2 axial (Fig 2C) and coronal (Fig 2D) studies. 
The signal characteristics most strongly suggested a 
neuroma (schwannoma), while the mass location 
and clinical findings suggested that the lesion was 
vagal in origin. 


SURGICAL FINDINGS 


An infratemporal fossa approach was used to vi- 
sualize the lesion. The lesion appeared to be a nerve 
X neuroma that had intracranial extension. A patho- 
logic examination determined the diagnosis of a 
nerve X schwannoma, although no classic Verocay 
bodies were seen. 


DISCUSSION 


The MRI findings presented here show a signifi- 
cant lesion of cranial nerve X in the area of the jug- 
ular foramen. At this level it could easily affect 
nerves IX, XI, and XII owing to their proximity to 
nerve X. This would explain the other clinical find- 
ings not directly related to the vagal nerve, such as 
weakness and atrophy of the left side of the tongue, 
which is supplied by the hypoglossal nerve. This at- 
rophy is clearly demonstrated in the CT image (Fig 
1A). This would also explain the suprascapular at- 
rophy due to compression of the spinal accessory 
nerve. 


The ability to identify all of the cranial nerves 
during routine MRI of the head was demonstrated 
by Castillo et al.! They described a systematic ap- 
proach for evaluation of the peripheral cranial 
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nerves. Each of the cranial nerves can be visualized 
with use of the proper MRI projection. The vagus 
nerve, particularly important in this case, can be 
identified clearly with MRI. 


The anatomy around the jugular foramen is also 
quite important in our case. The use of MRI to 
study this area was described by Daniels et al.’ 
Magnetic resonance images of five normal individu- 
als were compared to the photographs of prepared 
cadaver slices through the jugular foramen. Mag- 
netic resonance imaging of the jugular foramen was 
found to be particularly useful owing to the lack of 
signal from flowing blood and bone. This would 
make it easier to identify the nerves coursing 
through the foramen. The anatomy of nerves IX, X, 
and XI in the jugular foramen can be successfully 
demonstrated.? Nerve XII, close to the jugular 
foramen, can also be seen with MRI.' Changes in 
the anatomy around the jugular foramen, similar to 
those created by a neuroma or schwannoma, are 
readily identified in the images presented here. 


Evaluation of isolated vagal neuropathy was de- 
scribed by Jacobs et al.*? They described a protocol 


Fig 1. Computed tomograms. A} Axial tongue base view 
through genioglossus plane. Low density of left genioglossus 
and left myelohyoid muscle on left (: asterisks! indic ates fatty 
replacement due to atrophy. Compare with normal muscle 
density on right. B) Axial view just below jugular foramen 
with low-density mass (arrow). Note c arotid artery and jugu- 
lar vein separation compared to opposite side. C) Axial view 
through jugular bulb (4 mm above A} with lawedensity mass 
filling left bulb (arrow). 


T ie Boeren ys of nerve X by CT and MRI. The 
imaging protocol and the algorithm they eE 


nerve as proximal or distal. A proximal lesion is one 
located between the brain stem and the oropharynx, 
and a distal lesion is one found between the hyoid 
bone and the mediastinum. A retrospective analysis 
was performed on 48 patients with vagal neurop- 
athy. The study suggested that the optimal imaging 
tool for proximal lesions is MRI, and the optimal 
tool for imaging distal lesions is CT. In a hoarse pa- 
tient, such as the one in this case, the first step in the 
diagnostic algorithm is to examine the vocal cords. 
If this examination is negative for local disease and 
there are no palpable neck masses, further examina- 
tion is necessary. Jacobs et al suggest MRI if a proxi- 
mal lesion is suspected. Chest radiography and then 
CT are suggested if a distal lesion is suspected, al- 
though enhanced MRI may be used as an alterna- 
tive to CT. 


Our patient does not fit perfectly into the diag- 
nostic algorithm, because his initial presenting svmp- 
tom was tongue weakness on the left side, but he 
subsequently developed hoarseness. When no local 
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Fig 2. Magnetic resonance images. A) T1 (TR 650'TE 20) view at jugular bulb plane with low signal mass (arrow). 
B) T1 (TR 650/TE 20) view, same level as in A after gadolinium, showing mass enhancement. C) T2 (TR 
2,100/TE 90) axial view in same plane with bright signal in jugular bulb mass. D) T2 (TR 2,100/TE 90) coronal 
view showing vertical dimension and appearance of mass with bright signal, 


vocal cord lesion was found and multiple cranial pected. Magnetic resonance imaging and CT were 
nerve neuropathies were beginning to develop, a le- effective means of detection and localization of the 
sion at the level of the jugular foramen was sus- abnormality. 
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INTRODUCTION 


The widespread use of systemic antibiotic thera- 
py has both decreased the incidence and altered the 
clinical presentation of the suppurative intracranial 
complications of otitis media.’? Fewer opportuni- 
ties exist for clinicians to assess the diverse radiolog- 
ic options currently available for evaluating these 
patients. This case illustrates the use of the less inva- 
sive of these radiologic modalities. The recognition 
of subacute intracranial presentations, coupled 
with an awareness of the newer radiologic tech- 
niques available for their diagnosis, may prevent 
disastrous clinical consequences. 


CASE PRESENTATION 


A 12-year-old girl with no history of previous ear 
disease presented with left-sided otalgia and puru- 
lent otorrhea of 2 to 3 weeks’ duration. Her left 
auricular and postauricular pain were increasing 
despite oral cefaclor therapy. She complained of de- 
creased hearing on the left side, but denied vertigo 
or headache. Her medical history was otherwise 
noncontributory. 


She was an alert, oriented, but ill-appearing girl 
with a temperature of 37°C. Her left ear canal was 
filled with thick, purulent, malodorous drainage; 
suctioning revealed a large aural polyp emanating 
from the superior aspect of her left tympanic mem- 
brane. Left postauricular swelling and erythema 
without fluctuation or pinna displacement was ap- 
parent. Her right ear examination showed normal 
findings. Bilateral posterior triangle lymphadenop- 
athy was appreciated on neck palpation. Tuning 
fork examination suggested a left conductive hear- 
ing loss. Facial nerve function was intact and sym- 
metric bilaterally. She had no nystagmus, nuchal ri- 
gidity, or focal neurologic abnormalities. 


The laboratory workup was remarkable for a 
white blood cell count of 20,000/mm/°, including 
60% segmental neutrophils and 30% band forms, 
hematocrit within normal limits, a negative mono- 


spot, and an erythrocyte sedimentation rate of 70 
mm/h. Mastoid radiographs revealed unilateral 
left-sided middle ear and mastoid air cell opacifica- 
tion with apparent intact septae. 


She was admitted with the presumptive diagnosis 
of left-sided otitis media and mastoiditis. Her otor- 
rhea was cultured and treatment was begun with 
intravenous chloramphenicol sodium succinate and 
nafcillin sodium as well as topical polymyxin B sul- 
fate-neomycin sulfate-hydrocortisone suspension. 
A computed tomography (CT) scan was scheduled. 


Within several hours of admission, the patient 
became drowsy, lethargic, and confused. She ex- 
perienced a convulsive episode characterized by leg 
tremors, nausea, and incontinence of urine. Her 
temperature spiked to 41.6°C. This abrupt deteri- 
oration of her mental status prompted emergent pe- 
diatric and neurosurgical consultations in addition 
to the performance of a contrast-enhanced CT scan 
of the brain and temporal bones. The CT study re- 
vealed a 1-cm-diameter epidural abscess character- 
ized by a central area of low attenuation and a pe- 
ripheral enhancing rim (Fig 1). 


She underwent an immediate left cortical mas- 
toidectomy. Dural granulation tissue within a bony 
dehiscence adjacent to the sigmoid sinus was discov- 
ered. The sigmoid sinus appeared normal. No pus 
was encountered. A left aural polypectomy and 
tympanotomy tube placement were also performed. 


The patient defervesced immediately postopera- 
tively and her mental status returned to normal. 
Cultures of the posterior fossa dura granulation tis- 
sue grew abundant anaerobic Fusobacterium nec- 
rophorum., Infectious disease consultation suggested 
continuing the intravenous nafcillin and chloram- 
phenicol for a total of 14 days. During her 2-week 
course of intravenous therapy she remained afe- 
brile, with normalization of her total white blood 
cell count and differential. Her erythrocyte sedi- 
mentation rate, however, remained elevated in the 
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Fig 1. Computed tomograms revealing 1-cm-diameter epidural abscess reflected by central area of low attenua- 
tion and peripheral enhancing rim. Arrows —- medial rim of abscess. A) Bone window. B) Soft tissue window. 


50- to 70-mm/h range. A postoperative audiogram 
revealed her right-ear speech reception threshold to 
be 5 dB, in contrast to an elevated left-ear threshold 
of 35 dB; this loss was entirely conductive, with an 
excellent discrimination score of 98%. 


On the 14th postoperative day, her temperature 
again abruptly spiked to 39.7°C with no associated 
changes in mental status. Her left otologic examina- 
tion revealed a dry, patent tympanotomy tube. She 
had no postauricular erythema or fluctuance and a 
negative Griesinger’s sign. She did, however, dem- 
onstrate an acute increase in her left postauricular 
and anterior cervical lymphadenopathy. No associ- 
ated axillary or inguinal nodes were palpated. Find- 
ings on neurologic examination remained normal 
and her eye examination showed no chemosis or 
papilledema. Her white blood cell count was stable 
at 6,700/mm/’, but a marked bandemia, including 
39% segmented neutrophils and 39% band forms, 
was noted. Her erythrocyte sedimentation rate re- 
mained elevated at 51 mm/h. Hematocrit remained 
unchanged. 


A contrast-enhanced CT scan revealed the surgi- 
cal defect in the posteromedial mastoid cortex with 
enhancement of adjacent dura but no evidence of 
residual abscess or dural sinus thrombosis (Fig 2). 
The patient, however, continued to spike twice- 
daily temperatures in the 38°C to 39°C range. 


A radiologic consultation was requested as to the 
most appropriate study to elucidate the suspected 
diagnosis of sigmoid sinus thrombophlebitis. A nu- 
clear medicine radionuclide brain flow study and a 
magnetic resonance imaging (MRI) scan were rec- 
ommended in preference to a more invasive digital 
subtraction angiogram. The nuclear medicine flow 
study revealed marked asymmetry in the venous 
phase with no evidence of activity in the lateral por- 
tion of the left transverse sinus, sigmoid sinus, or 
upper jugular vein (Fig 3). An MRI scan with flow 


parameters confirmed these findings. An axial 
4-mm gradient echo image revealed normal flow on 
the right, reflected by increased signal intensity in 
the transverse sinus and in the jugular bulb. No 
flow was detected on the left side (Fig 4A). A co- 
ronal 4-mm gradient echo section also demonstrated 
blood flow in the right jugular bulb and vein, while 
no flow was observed on the left side (Fig 4B). These 
complementary studies both suggested thrombosis 
of the left sigmoid-transverse sinus with possible 
clot propagation into the left jugular vein, support- 
ing the clinical diagnosis of septic thrombophlebitis. 


The neurosurgical consultant thought that the 
patient demonstrated no signs or symptoms sugges- 
tive of meningitis or intradural extension of the ini- 
tial epidural process. The pediatric infectious dis- 
ease consultant found no evidence of septic emboli 
clinically or on chest radiographs. A joint decision 
was made to closely observe the patient on a new in- 
travenous antibiotic regimen of metronidazole and 





RS. 
pes: 


Fig 2. Computed tomogram with contrast showing surgi- 
cal defect (black arrow) with enhancement of adjacent 
dura (white arrow) but no evidence of residual abscess or 
dural sinus thrombosis. 
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Fig 3. Radionuclide brain flow 
study, posterior-anterior view, 
demonstrating marked asymmetry 
in venous phase with no evidence 
of activity in lateral portion of left 
transverse sinus, sigmoid sinus, or 
upper jugular vein. Arrow — lack 
of activity in thrombosed vascula- 
ture. 


cefuroxime sodium rather than proceeding with 
surgical exploration of the sinus. 


The patient defervesced after 2 days and remained 
afebrile without otologic or systemic symptoms dur- 
ing an additional 14 days of intravenous therapy. 
She was discharged on a regimen of amoxicillin- 
clavulanate potassium for an additional 21 days. 
Her white blood cell differential returned to normal 
and her erythrocyte sedimentation rate decreased 
dramatically to 8 mm/h at the completion of thera- 
py. She remains asymptomatic now, 18 months af- 
ter treatment. 


DISCUSSION 


This case illustrates the use of the less invasive ra- 
diologic options available for the diagnosis of sus- 
pected intracranial complications of suppurative 
otitis media. Computed tomography with contrast 
infusion is often regarded as the radiologic study of 
choice for such diagnostic purposes.” Computed 
tomography alone can often identify extradural, sub- 
dural, and brain abscesses, as well as provide suppor- 
tive evidence of sigmoid sinus thrombosis and cere- 
britis. In patients with signs and symptoms of menin- 
geal irritation, a CT scan prior to lumbar puncture 
can also provide critical information concerning 
hydrocephalus or abscess or mass effect, thereby 
greatly influencing therapeutic intervention. 


In this case, the initial CT proved particularly 
valuable in its clear delineation of an extradural 
pathologic process; however, it failed to reveal a 
clinically suspected thrombosis of the dural sinuses. 
This failure of CT to delineate dural sinus thrombo- 
sis has been noted by others and is usually at- 
tributed to the close proximity of dense bony struc- 
tures that may cause artifacts on partial volume av- 





eraging.®’ The detection of dural sinus thrombosis 
requires strong clinical suspicion and instruction of 
the imaging team to take special measures including 
precise orientation of thin cuts, concentrated con- 
trast medium, multiplanar reconstruction, and spe- 
cial window settings. Computed tomography often 
will miss dural thrombosis when it is used as a gen- 
eral screen for otologic intracranial disease.°*° 


The abrupt onset of spiking fevers in this case led 
to the search for further intracranial complication, 
specifically sigmoid sinus thrombophlebitis. Since 
the CT scan failed to clearly reveal additional dis- 
ease, other diagnostic options were sought. 


Clinical tests performed during lumbar punce- 
ture, such as the Queckenstedt-Stookey and Tobey- 
Ayer tests, are unreliable and often dangerous.?:'° 


Arteriography, retrograde jugulography, and dig- 
ital subtraction venography are relatively definitive 
diagnostic procedures, but are invasive and risk fur- 
ther vascular injury.’ Also, the use of contrast en- 
hancement is potentially dangerous, since it may 
lead to dehydration and thus aggravate a hyperco- 
agulable state.® 


As illustrated in our case presentation, a radio- 
nuclide brain flow study can reveal dural venous 
asymmetry suggestive of thrombosis.“ However, 
the reliability of radionuclide imaging in the detec- 
tion of early disease remains uncertain.‘ 


Magnetic resonance imaging is also noninvasive 
and has the additional benefit of using no ionizing 
radiation. High signal intensity on Tl- and T2- 
weighted images indicates venous thrombosis. Gra- 
dient echo images can also be obtained to evaluate 
blood flow through both the arterial and venous 
systems.'? As demonstrated in this case, no flow is 
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visible when thrombosis obliterates the vessel lu- 
men. For these reasons MRI appears to be the imag- 
ing method of choice in patients suspected of having 
dural sinus and/or jugular vein thrombosis.*'>"4 


CONCLUSION 


Fortunately, new, noninvasive, radiologic tech- 
niques are currently available to assist the clinician 


Fig 4. Magnetic resonance imaging 
sean with flow parameters confirm- 
ing thrombotic process. A) Axial 
4-mm gradient echo image reveals 
normal flow on right, reflected by 
increased signal intensity in trans- 
verse sinus and in jugular bulb. No 
flow is detected on left side (arrow), 
B) Coronal 4-mm gradient echo sec- 
tion demonstrates blood flow in 
right jugular bulb and vein. Again, 
no flow is observed on left side (ar- 
row). 


attempting to diagnose and define otogenic intra- 
cranial complications. Magnetic resonance imaging 
and nuclear medicine radionuclide flow studies can 
be used to complement contrast-enhanced CT in 
detecting suspected suppurative complications. These 
studies may prove to be of particular value in the di- 
agnosis of sigmoid sinus thrombophlebitis, as illus- 
trated in this case presentation. 
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PATHOLOGY CONSULTATION 
SYNOVIAL SARCOMAS OF THE HEAD AND NECK 
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Springing from mesenchyme rather than mature synovial tissues, synovial sarcomas are high-grade neoplasms that express epithelial as 
well as supporting tissue features. Accordingly, their histologic phenotypes can be epithelial, stromal, or mixed. Between 3% and 10% of 
all synovial sarcomas originate in the head and neck, particularly from parapharyngeal sites. These is no appreciable difference in biologie 
activity between synovial sarcomas of the head and neck and those arising from other anatomic sites. Five-year survivals are misleadingly 
optimistic and do not adequately reflect the natural history of the sarcoma. Synovial sarcoma is known to metastasize late, and few patients 


survive that event. 


Synovial tissue is a modified connective tissue 
that is formed from a development of cavities in pre- 
existing mesenchyme. The progenitor mesenchyme 
differentiates into two recognizable components: an 
inner “epithelioid” cell layer and an outer, also spe- 
cialized, connective tissue layer. Committed cells 
from these two compartments possess properties 
that distinguish them from other offspring of mes- 
enchyme, and while the cells may appear as sepa- 
rate entities, they are considered interchangeable. 


Synovial sarcomas are not so named because they 
arise from fully developed and existing synovial 
membranes. They are malignant supporting tissue 
neoplasms originating from pluripotential mesen- 
chymal cells near or even remote from articular sur- 
faces, ie, tendons, tendon sheaths, juxta-articular 
membranes, and fascial aponeuroses. There is, in 
fact, little resemblance between normal or patho- 
logic synovial membranes and synovial sarcoma.’ 
There is no benign counterpart of synovial sarcoma, 
and at best the neoplasm is a sarcomatous carica- 
ture of synovial tissues.*° 


Synovial sarcomas comprise 8% to 10% of all soft 
tissue sarcomas, and it is estimated that between 
3% and 10% of the sarcomas arise in the head and 
neck, where they are in relation to the prevertebral 
areas from the skull base to the hypopharynx, in the 
parapharyngeal and retropharyngeal regions, in the 
neck, and in orofacial and laryngeal sites.* The ma- 
jority are parapharyngeal, only occasionally in prox- 
imity to articulations such as the cricoarytenoid, 
temporomandibular, and sternoclavicular joints 


(Fig 1). 


The neoplasms lack any distinctive gross findings 
and can be very deceptive in their apparent circum- 
scription with blunt invasive margins. Microcalcifi- 
cations, discernible in radiographs, can be seen in cut 
sections. Cutaneous or mucosal surfaces overlying 


the sarcomas are rarely violated, but may be part of 
a pedunculated mass as the neoplasms expand. 


There are sufficient light- and electron-optic and 
immunocytochemical features to support the thesis 
that synovial sarcoma exists in biphasic and uni- 
phasic cellular forms.”"'° The biphasic form con- 
tains recognizable epithelial and sarcomatous com- 
ponents. The uniphasic form manifests only the sar- 
coma or, rarely, only epithelial features. ° The rela- 
tive frequency of each form depends on the dili- 
gence of the search for the complementary tissue 
component. In that respect, we agree with Wick et 
al® that the monophasic synovial sarcoma is one of 


se 


tissue tumors. 





Fig 1. Parapharyngeal synovial sarcoma, separated from 
mucosa of pharynx by condensed fibrous connective tissue 
(H & E, original x80). 
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Fig 2. Synovial sarcoma. A) Orofacial (H & E. original x200), 
Plump spindle cells surround isolated epithelial (glandlike) com- 
ponents. B) With glandlike epithelial dominance (H & E, orig- 
inal x120). C) Parapharvngeal, manifesting clefts lined by at- 
tenuated lining cells (H & E, original x200). D) Of neck, epithe- 
lial-dominant with dystrophic calcification (H & E, original 
x120). E) Biphasic, with keratin-immunoreactive epithelial ele- 
ments standing out among keratin-negative spindle cell ele- 
ments (H & E, original x120). 
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The classic or biphasic synovial sarcoma is histo- factlike slits (a distinctive feature), arranged in solid 
logically characterized by a dual differentiation in- aggregates, or forming papillary excrescences (Fig 
to epithelial nests and acinar collections in a fibro- 2C). The glands and clefts often contain an eosin- 
sarcomalike matrix (Fig 2A). The epithelial cells ophilic material or debris that is typically mucicar- 
generally assume a glandlike configuration (Fig mine-positive, periodic acid-Schiff-positive (before 


2B). They may also be found lining clefts or arti- and after diastase), and Alcian blue—positive (before 


se 
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and after hyaluronidase). Reticulin stains can serve 
to highlight the glandlike structures when they are 
not readily apparent. The sarcomatous, spindle cell 
areas are composed of thin or plump cells arranged 
in fascicles. These are hyperchromatic, long, and 
sweeping or short and intersecting. Hyalinized col- 
lagen, at times amyloidlike, of varying prominence 
may separate the fascicles. Cellular density also 
varies, particularly in areas in which the stroma is 
myxoid or like a hemangiopericytoma. Calcifica- 
tion, either psammomatous or dystrophic, can be 
found in about a third of synovial sarcomas (Fig 
2D). Extensive calcification is unusual, but thought 
by some to be a favorable prognostic indicator." 
Cellular pleomorphism is usually minimal, and so, 
too, is mitotic activity. 


Given the histologic display described above, di- 
agnosis can be made with routine hematoxylin and 
eosin preparations. It is with the monophasic forms 
that diagnostic mischief can occur, In the seemingly 
wholly sarcomatous form, the diagnosis can be sus- 
pected from the appearance described above. The 
simplest method of confirmation is to cut additional 
sections in the hope of finding epithelial elements. 


Since synovial sarcoma is relatively unique in its 
expression of epithelial cytokeratin antigens 7, 18, 
and 19 and epithelial membrane antigen, immuno- 
detection of these cellular antigens (Fig 2E) can also 
confirm the light-optic impression.®!? Epithelial 
membrane antigen is said to be more sensitive.” 
Other epithelial markers, desmosomal plaque pro- 
tein, desmoplakin, and desmoglein have also been 
reported to be present, but are less abundant than 
the keratin-reactive cells. The cells also express 
vimentin, but other intermediate filaments are ab- 
sent. Other, far less cell-specific determinations 
such as Leu 7, Ulex europaeus I lectin receptors, 
and al-antichymotrypsin may be positive, but these 
lack discrimination.* Electron-optic study is the 
third diagnostic measure that can be applied to the 
spindle cell, monophasic form of synovial sarco- 
ma.” Fishers” excellent exposition of the fine 
structure of biphasic and uniphasic synovial sarco- 
mas clearly points to their congeneric origin. 


Histogenetic unity is also supported by the obser- 
vation that a specific reciprocal chromosomal trans- 


‘location (X;18) is found in each form of synovial 


sarcoma. *4 


Despite relatively slow growth, the long-term 
survival data for synovial sarcomas at any site, in- 
cluding the head and neck, are not good. The Mayo 
Clinic’s experience with the sarcoma, at any ana- 


tomic site, since 1960, indicates a 55% survival at 5 
years and a 38% survival at 10 years. +$ The falloff 
at 10 years reflects the occurrence of late distant 
metastases, particularly to the lungs, between the 
5th and 10th years after primary treatment. Roth et 
al,’ Duvall et al,‘? and Moore and Berke’ have all 
presented convincing evidence that the head and 
neck area is not a privileged site that imparts a more 
favorable outlook for synovial sarcoma. A life table 
analysis on 14 hypopharyngeal synovial sarcomas 
gives a 5-year survival of 36% and a 10-year surviv- 
al of 18%.” 


There have been several attempts to evaluate 
prognostic factors. The most relevant have been 
tumor size and extent (primarily depth) at time of 
primary treatment, with survival varying inversely 
to these two factors. Patient age at diagnosis ap- 
pears to have a bearing, although the relative youth 
of patients with synovial sarcomas of the head and 
neck does not seem to impart a significantly better 
prognosis. DNA ploidy by flow cytometry is a sig- 
nificant objective probe. Sixty-seven percent of the 
synovial sarcomas studied by El-Naggar et al" had 
a diploid DNA content. This gave a marked advan- 
tage in survival over aneuploid synovial sarcomas. 
Interestingly, there were no correlations between 
type of ploidy and histologic subcategories (mono- 
phasic or biphasic). 


We consider synovial sarcoma to be a high-grade 
malignancy irrespective of its phenotypes. Subtyp- 
ing does not have an influence, independent of size, 
on patient survival, and grading based on mitotic 
count’? and necrosis appears to be only marginally 
significant in prognosis.'* Extensive tumoral calcifi- 
cation, an uncommon event, does appear to confer 
an improved outlook." 


Wide excision with negative margins remains the 
mainstay of therapy — not so easily achieved in the 
head and neck. Local excision is followed by a high 
incidence of local recurrence (60% to 90%), usually 
within 2 years." Metastases to regional lymph nodes 
from synovial sarcomas in the head and neck are not 
often seen, even though the lymph nodes may be 
clinically enlarged.” Hematogenous spread is the 
harbinger of death and may be often delayed and 
occur without local recurrence. Preoperative or 
postoperative radiotherapy, with or without che- 
motherapy, may be responsible for the increase in 
survival statistics over the past two or three dec- 
ades, but as Wright et al’* point out, it is likely that 
the selection of patients for treatment is the most 
important factor. 
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LARYNGEAL NEUROPROSTHESIS 


The American Society for Artificial Internal Organs (ASAIO) is organizing a panel on Laryngeal Neuroprosthesis as part of its 38th 
Annual Meeting on May 8, 1992, at the Opryland Hotel in Nashville, Tennessee. Participants will be Michael Broniatowski, MD, Joaquin 
A. Hoffer, PhD, Christy L. Ludlow, PhD, and Gayle E. Woodson, MD. For further information, contact the ASAIO national office at 
(407) 391-8588, Fax (407) 368-9153; or Michael Broniatowski, MD, at (216) 363-2556. 
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CONFERENCE ON ASSISTIVE LISTENING DEVICES 
GENERAL ANNOUNCEMENT AND CALL FOR PAPERS 


A Conference on Assistive Listening Devices, Tutorials, Applications, and Research will be held June 12-14, 1992, at The University 
of Iowa, Iowa City, Iowa. For information on registration and accommodation, contact the Conference Center, University of Iowa, 
Memorial Union, Jowa City, IA 52242; (319) 335-3231. Fax (319) 335-3407. For information on Call for Papers, contact Regina Tisor 
(319) 356-2471, Fax (319) 356-4547. We have applied for Continuing Education Units from ASHA and HAIC. 
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LETTERS TO THE EDITOR 


To the Editor: 


I recently read the paper by Weber and Koltai that was pub- 
lished in the August issue of the Annals (Chlamydia trachomatis 
in the Etiology of Acute Otitis Media, Ann Otol Rhinol Laryngol 
1991;100:616-9). As an infectious disease pediatrician and chla- 
mydia researcher, I found the study to be of some interest, but I 
think the authors are after the wrong chlamydia. Chlamydia tra- 
chomatis is primarily a sexually transmitted disease. Respiratory 
infection due to the organism is essentially limited to early infan- 
cy. Infants born to mothers with chlamydial infection may be- 
come infected in the eye or nasopharynx during delivery. The na- 
sopharyngeal infection is usually asymptomatic and may persist 
for 3 years or longer. Only 30% or less.of infants with positive 
nasopharyngeal cultures will develop chlamydial pneumonia, 
and only when between 1 and 3 months of age.' There is no epi- 
demiologic evidence of horizontal or person-to-person transmis- 
sion after delivery. There is also no convincing evidence that C 
trachomatis causes respiratory disease in children beyond early in- 
fancy, and that includes otitis media. The studies cited by Weber 
and Koltai are not equivocal, but lean to a lack of an association. 
The report of Banks et al (reference 11), which was only aletter to 
the editor, should not be considered seriously, because their 
laboratory methods are suspect. They did not “recover” the 
organism, but saw fluorescing green dots that they assumed were 
chlamydiae. Direct fluorescence antibody staining cannot be used 
to identify the organism in ear specimens, as it is neither sensitive 
nor specific. Weber and Koltai also failed to cite two other studies 
that did not find an association of C trachomatis with middle ear 
effusions in children. Hammerschlag et al? did not isolate C 
trachomatis from ear fluids of 68 children 9 months to 8 years of 
age. Blackston et al? also failed to identify the organism by tissue 
culture or direct fluorescence antibody staining in middle ear 
fluids of 48 children. 


The only “real” report of the isolation of the organism from 
children with possible middle ear disease is the first, by Tipple et 
al,* in which C trachomatis was isolated from the middle ear aspi- 
rates of 3 of 11 infants with chlamydial pneumonia. These infants 
were all under 3 months of age and had the typical clinical 
presentation of infantile chlamydial pneumonia, which includes a 
considerable amount of upper airway congestion. This does not 
necessarily imply a causal relationship, since, as Weber and 
Koltai themselves state, the middle ear is continuous with the 
nasopharynx, and we know the organism is present in the naso- 
pharyngeal mucosa. 


Weber and Koltai also appear to be unaware of Chlamydia 
pneumoniae, the recently identified third chlamydial species that 
appears to be a primary human respiratory pathogen.’ Chlamy- 
dia pneumoniae may cause 10% to 20% of community-acquired 
lower respiratory tract infections, including pneumonia and 
bronchitis. It may also cause some pharyngitis and sinusitis, and 
there is one report from Japan of the isolation of C pneumoniae 
from the middle ear aspirate of a 59-year-old man with otitis me- 
dia.° Although infection with C pneumoniae appears to be most 
frequent in adolescents and adults, we have identified infection 
by culture in children as young as 14 months of age.” Chlamydia 
pneumoniae appears to be spread from person to person by respi- 
ratory droplets. Clearly, available clinical and epidemiologic data 
suggest that C pneumoniae is the chlamydial species most likely to 
play a role in otitis media in children. 


Margaret R. Hammerschlag, MD 

Depts of Pediatrics and Medicine 

SUNY Health Science Center at Brooklyn 
450 Clarkson Ave 

Brooklyn, NY 11203-2098 
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To the Editor; 


It was with great interest and appreciation that we read the 
comments of Dr Hammerschlag, a known authority on chlamy- 
dia research, concerning our recent paper. We acknowledge and 
agree with Dr Hammerschlag’s comments that Chlamydia tra- 
chomatis (CT) is a sexually transmitted disease and that a lack of 
evidence exists concerning horizontal spread. We also agree that 
CT may persist in the body for years, mainly asymptomatically. 
Unfortunately, this last statement cannot be made scientifically, 
since nobody actually knows the cause of every sore throat or 
adenoiditis in children. Perhaps CT is not as asymptomatic, dur- 
ing the 3 or more years that it is detectable, as we believe. In fact, 
it would not be unreasonable to assume that a CT-mediated 
nasopharyngitis may lead to a sterile serous otitis media. 


The above statements, of course, could only carry meaning if 
CT was a viable pathogen. We agree with Dr Hammerschlag that 
controversy over CT as a pathogen for otitis media abounds and 
that all the studies cited had inherent flaws making the data sus- 
pect. It was on the basis of these controversies that we decided to 
at least prove or disprove that CT may be a pathogen in an animal 
model, despite the inherent risks in trying to extrapolate animal 
data to humans. We regret not including Dr Hammerschlag’s 
paper, since we are well aware of it and this was an oversight on 
our part. The paper by Blackston et al was published after com- 
pletion of our paper. Our paper was also completed before two 
other papers, which Dr Hammerschlag failed to mention, were 
published. These two papers'? demonstrated positive CT culture 
in middle ear aspirates of children from 1 to 18 years of age. They 
also found positive cultures in tonsillar crypts and positive 
chlamydial antibodies, Indeed, CT may not be limited to infants 
as suggested by Dr Hammerschlag. 


Unfortunately, Dr Hammerschlag’s last paragraph is irrelevant 
to the context of our paper. We are indeed aware of Chlamydia 
pneumoniae. Two factors explain its exclusion from our paper. 
The first is that these papers were, again, published after our 
paper was completed, Second, our paper was on CT, not C pneu- 
moniae, and we felt even during our revisions that it was inappro- 
priate to mix the two and allow the opportunity for confusion. In- 
deed, Dr Hammerschlag is probably correct when she hints that 
C pneumoniae is most likely a major pathogen, while CT is not. 
This is an exciting area in which more basic science studies and 
clinical studies need to be completed. Thank you for allowing us 
the opportunity to respond to Dr Hammerschlag’s comments. 


Peter C. Weber, MD 
Dept of Otolaryngology 
University of Pittsburgh 
Pittsburgh, PA 15213 


Peter J. Koltai, MD 
Dept of Surgery 

Albany Medical College 
Albany, NY 12208 
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To the Editor: 


I read with interest Drs Duncan and Eid’s detailed article 
describing a case of bronchopulmonary dysplasia and accompa- 
nying tracheomalacia (Tracheomalacia and Bronchopulmonary 
Dysplasia, Ann Otol Rhinol Laryngol 1991;100:856-8). Their 
diagnosis was based on aflow-volume loop analysis and flexible 
bronchoscopy. I would like to add a cautionary note. In reviewing 
the flexible bronchoscopy performed on young children at St 
Christopher’s Hospital for Children, collapse of the trachea on 
inspiration and a ballooning of the pars membranacea on expira- 
tion is a frequent finding, and it is tempting to make the diagnosis 
of tracheomalacia in the setting. It should be remembered, how- 
ever, that in small children a flexible bronchoscope can of itself 
cause proximal obstruction to the flow of air within the trachea 
and cause this effect. With the emergence of both medical and 
surgical therapies for tracheomalacia in young children, accurate 
diagnosis is particularly important, and I would recommend a 
complementary rigid bronchoscopic examination when the diag- 
nosis is in doubt. . 

Glenn Isaacson, MD 

Dept of Pediatric Otolaryngology 

St Christopher’s Hospital for Children 
Philadelphia, PA 19134-1095 


To the Editor: 


Thank you for giving us the opportunity toreply to DrIsaacson’s 
letter. The debate over the indications and efficacy in the use of 
flexible versus rigid bronchoscopy continues to rage. Certain ad- 
vantages may exist for the use of flexible bronchoscopy, includ- 
ing eliminating the need for general anesthesia and assisted venti- 
lation during the procedure, thus allowing visualization of tra- 
cheal dynamics without these complicating factors. >* However, 
proximal obstruction from a flexible bronchoscope may occur, 
with resultant inspiratory collapse of the trachea. The index case 
was that of intrathoracic obstruction with resultant expiratory 
collapse of the trachea, suggested by flow-volume loops and 
further confirmed by elective endotracheal intubation. The clini- 
cal presentation, ancillary information, and judicious use of the 
flexible or rigid bronchoscope should eliminate the need for a 
second or complementary bronchoscopy. 


Scott Duncan, MD 
Nemr 5. Eid, MD 
School of Medicine 
University of Louisville 
Louisville, KY 40292 
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